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NICKEL AIDS THE MACHINE TOOL INDUSTRY 


tro KEEP EM WORKING! 


Everyone marvels at the speed of 
American production for war... 


But how many realize that much of 
the credit should go to machine tool 
designers? 


They are the ones who created the 
tools for doing the job. 


They’re making production miracles 
commonplace...with the most efficient 
machine tools that ever whipped raw 
material into finished product. 


And the secret? For one thing, they 
try to design each component part of 
a machine so that it outlasts the ma- 
chine itself. 


They know that failure of a single 
machine in a mass production setup 


might bring whole assembly lines to 
a stop. 

So they lean heavily on Nickel al- 
loyed materials for the critical parts 
of machine tools. 


Over the years they have learned 
that Nickel contributes toughness, 
strength, and fatigue resistance... 
properties vitally essential to many 
different kinds of tool parts... from 
grinder frames to tail shafts, from gears 
and spindles to drill chucks and lathe 
beds. 


In the industries which use machine 
tools, it’s an axiom that “a little Nickel 
goes a long way” to keep ’em working. 


Whatever your industry may be... 


if you want help in the selection, fab 
rication, and heat treatment of alloys 
... we offer you counsel and data. 


New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 
data and working instruc- 
tions. Why not send for your 
copy of Catalog C today? 


* Mickel ` 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York 5, N.' 
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velopments of the past few years in 
each of the three types of coatings are 
featured. Organic finishes — paint, 
varnish, lacquer and enamel will be 
covered in another section to be pub- 
lished later in the series. 


Cycle-Welding Process 


The entire story of Cycle-Welding 
remains a military secret at the mo- 
ment but sufficient details have been 
released for designers to get a reason- 
able idea of the innovation this proc- 
ess brings to bonding similar and dis- 


similar materials. Developed in the 
laboratory of the Chrysler Corpora- 
tion, this process can be added to 


riveting and welding as a successful 
bonding method. Permanent bonds are 
made of thermo-setting plastic cement. 
An article on page 1 reviews the 
Cycle-Welding process. 


Aircraft Motors 


Applications for fractional horse- 
power motors in aircraft have in- 
creased greatly. With their increased 
use has evolved the development of 
motor types designed and built in 
accordance with exacting specifica- 
tions. William H. Fromm of The Du- 
more Company, presents the first of 
two articles, see page 6, describing 
the current trends in the design of 
aircraft motors to meet the ever-chang- 
ing requirements for safety and reli- 
able operation. 


Hydraulic Aircraft Systems 


In the article beginning on page 22, 
C. B. Livers, hydraulics engineer for 
the Consolidated Vultee Aircraft Cor- 
poration, sets forth the role of hy- 


draulic systems in the operation of 
aircraft auxiliaries. This discussion is 
the sequel to the article which ap- 
peared in Propuct ENGINEERING last 
month written by C. J. Breitwieser of 
the same company wherein he sup- 
ported the electrical systems. Mr. 
Livers cites specific aircraft services 
which respond better to hydraulic 
power systems, explains the advan- 
tageous features of hydraulics and 
points out that both electrical and 
hydraulic systems have their place in 
aircraft. 


Simplified Method for 
Designing Beam Sections 


After struggling through seemingly 
necessary trials and errors to arrive 
at satisfactory proportions of beam 
sections used in machine parts, many 
designers have sought ways and means 
for making the procedure more direct. 
The method described by William L. 
Govan, engineer, Dominion Engineer- 
ing Works Limited, see page 26, is an 
attempt at a direct solution of this 
problem. The mathematical deriva- 
tions are supplemented with charts. 


Glues for Structural Design 


Development of new types of ad- 
hesives is a significant factor in mak- 
ing wood and plywoods important en- 
gineering materials. Adhesives are 
being developed and are in limited 
use for joining metals more easily and 
economically, and sometimes give a 
bonded joint stronger than one that is 
riveted or spot-welded. On page 30 
Propuct ENGINEERING presents the 
leading properties and considerations 
in selecting the right adhesive for 
given applications. 


| WHAT'S COMING 


Hydraulics for Present and Post-War Products 


Selecting Methods For 
Template Reproduction 


Just about a year ago Thomas Miles, 
reproduction supervisor, Consolidated 
Vultee Aircraft Corporation, was in 
the midst of an exhaustive survey of 
template reproduction methods. His 
report, finished only recently, con- 
tains a discussion of the various re- 
production methods and a detailed 
analysis of factors that must be con- 
sidered before deciding which method 
to install. The article beginning on 
page 57 presents Mr. Miles’ evaluation 
of these factors. This article will be 
followed by others discussing template 
reproducing methods. 


Straight-Line Linkages 


In mechanisms requiring straight- 
line movement it is often desirable to 
produce the movement without guides. 
A number of linkages have been de- 
veloped for this purpose. Many are 
variations of the isosceles and panto- 
graph linkages, both simple applica- 
tions of geometric laws that produce 
movements directly proportional in 
length and timing to movement of the 
motivating force. On page 50 several 
of this type and others with more 
complex relations are collected. 


Electron Tubes and Circuits 


Knowledge of the purposes and 
characteristics of the more common 
tubes and circuits is an imperative 
foundation for understanding opera- 
tion of electronic equipment in in- 
dustrial plants. An article on page 52 | 
presents a tabulation of the common | 
electron tubes and circuits, their char- 
acteristics and uses. 


Anticipating Thermocouple 


Maintaining uniform temperature in 
furnaces is often complicated by over- 
shooting and hunting because the heat 
input is altered by the controller after 


Rapid strides have been made during the war years in the development of 
hydraulic units and their application. Hydraulic power is used extensively in 
war equipment for traversing gun turrets and in aircraft control systems. 
Hydraulic controls are also applied to machine tools, to molding and die-casting, 
agricultural, earth-moving, textile, packaging and automatic equipment of all 
types. Next month’s 16-page special section will be devoted to a comprehensive 
report on hydraulic units and their application, emphasizing functions and 
characteristics of pumps, valves and motors, and featuring new developments 
and typical application circuits. This will be the sixth in a series of reports on 
materials, mechanical parts and finishes designed to acquaint product engineers 
with new developments and to stimulate application of these new developments 
to post-war product designs. 


temperature changes have taken place. 
R. L. Longini, engineer, Westinghouse 
Electric & Manufacturing Company, 
see page 49, describes the construc- 
tion and method of installing a thermo- 
couple that anticipates temperature 
changes and actuates the controller 
before the control point is reached. 


Shrink Fit Caleulator 


Final temperature, for cooling or 
heating parts that are to be assembled 
by shrinking, can be read directly from 
the network chart, see page 71, by 
Edward L. Rogers, when the nominal 
diameter or length, the type of ma 
terial, the total shrinkage desired, and 
the initial temperature are known. 


Melamine 


A relatively new plastic material, melamine, has been developed rapidly in 
recent years and is especially adaptable to electrical applications. A timely 
article on the properties and applications of this thermosetting plastic will 
appear in the February number. 
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uctural tubing must NOT fail, Summerill 
called upon to produce vast amounts of 
ny sizes and shapes. Although our facil- 
ts are devoted 100% to the war effort, the 
vices of our research and engineering de- 
tments are available to designers and 
ers interested in materials, Experimental 


s can be produced. 
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Among the many inspections and tests 
used throughout the Summerill produc- 
tion routine, tensile or ‘‘stretching’’ tests 
are high in importance. After all, they are 
the proof of the pudding. Two-man teams 
make these tests of one or more repre- 
sentative samples from every shipment of 
finished tubing. In some cases every length 
of tubing is tested and in others, especially 
where large quantities are involved, a 
pull test is made for every 500 feet of tub- 
ing in the shipment, with samples taken 
at random from the various bundles. 





Modern hydraulic test equipment enables 
these skilled, two-man test teams to ob- 
tain and record minimum yield strength, 
elongation and ultimate tensile strength, 
and a copy of the test report is sent to the 
customer with each shipment. All of this 
constitutes another reason why the Sum- 
merill name has long been synonymous 
with tubing quality. 


SUMMERILL TUBING COMPANY 


Bridgeport Montgomery County Penna. 


SUMMERILL TUBING COMPANY 


Affiliated with EDGAR T. WARD'S SONS CO 


ond COLUMBIA STEEL & SHAFTING CO. 





(Wright and (Company s hate (Mutual Building Worcester (Massachusetts 
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NEW MANUAL can ner vov 


"Revere Copper and Copper Alloys - technical 
information for product designers" 


1! THIS 


Just off the press. New. Informative. Invaluable to anyone working with 
NON-Ferrous metals . . . this 54 page manual—“Revere Copper and 


k 
if Copper Alloys—technical information for product designers”, contains 
: 106 graphs relating to physical and metallographic properties under 
t varying conditions; also a new, easy-to-read chemical and physical prop- 
erties chart, together with pertinent illustrated information on Revere 
manufacturing forms and welding technique. Send for your complimen- 
tary copy. Address: Executive Offices. 





REVERE i: glad at all times to work with 


customers and prospective customers in solving 

any special problems. Our technical advice is yours 
1 for the asking—without obligation. Address our 
Executive Offices. 





COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 


.À BUY MORE WAR BONDS AND STAMPS TODAY Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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then he said to himself 


‘The LIE is 


my political weapon” 


At the start of his activity, Adolph 
Hitler proclaimed to the world that 
his weapon was the LIE 


—the all-out undiluted LIE 


—and now see what happens to 
a structure founded on bosh: 


(a) the theory of the blitz 
blasted :FLOI 
"Yor 
“arm 


arc 


(b) the legend of invincibility 
exploded 
(c) the infallibility of his “‘in- 


tuitions” fizzled FLO’ 

















He could have fooled a lot more "Ya 
people for a lot longer time, if he buil 
had only tried the trick of nursing wel 
along old truths—now turned into 
fallacies—but still adhered to by FLO 
the unthinking majority. i 

For Progress has a way of flip- z 


ping the FACTS of yesteryear into 
FLOPS almost overnight. The fol- 
lower of an OUTDATED fact 
may easily find himself nursing a 
progress-blocking FLOP. 
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FLOPPED FACT 1: 
“You can’t produce 
all-welded ships" 


FLOPPED FACT 2: 
"You can't arc 
weld high-temper- 
ature, high-pres- 
sure piping" . . 


FLOPPED FACT 3: 
"You can't weld 
cracking still s" 


FLOPPED FACT 4: 
“You can’t produce 
‘army tanks with 
arc welding" . . 


FLOPPED FACT 5: 
“You can’t erect 
buildings by arc 
welding". . . . 


FLOPPED FACT 6: 
"Railroad cars are 
laboo for arc 


| Here, Adolph, are samples 
| of yesteryear FACTS now turned FLOPS 


welding". . . . . 


THE LINCOLN ELECTRIC COMPANY 



























. . . .Recourse to arc welding has 
filed the seven seas with 
them. 


The one safe way is through 
recourse to arc welding. 





«Without recourse to arc 
welding—our armed forces 
would be without high oc- 
tane gas. 





Through recourse to arc 
welding—it's the only kind 
they're producing today. 


Savings in steel and money 
are represented in thousands 
of structures of every type 
—through recourse to arc 
welding. 


Watch them rolling the rails 
in every state—through re- 
course to arc welding. 











CLEVELAND 1, OHIO 


gy VELL nau recourse 
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ARC WELDING « 
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METAL DISCS DO THE FILTERING 


The filter element consists of a stack 
of flat wheel-shaped discs, stamped 
from strip metal rolled especially to 
close tolerances for Cuno. Being metal, 
they are permanent and non-collapsible; 
there is nothing to be thrown away, 
nothing to be renewed. 


A 


DEGREE OF FILTRATION 
DECIDED HERE 


Each disc is separated from the next 
by a thin metal spacer. The thickness 
of the spacer determines the degree of 
filtration. This spacing, specified by 
you to meet the requirements of your 
particular job, may be as fine as .0035". 


THE SHAFT 


IS ROTATABLE 
Discs and spacers are) 
wee ie mounted in a fixed posi- f 
am 


tion on a central rotat. 
able shaft. The “spokes” M m 
of these parts are posi- h 
tively aligned so that the t 
open areas between them? 
form channels lengthwise | pa 


within the cartridge. ic 


FILTER CLEANED BY cle 
METAL BLADES edil ^^ 
TI 

= 


On a stationary rod par- E 
| 


alleling the rotatable stack 


| 
of discs are mounted knife- | 
like cleaner blades. These a 
blades, slightly thinner = 
than the spacers, extend 4 
into the slots between eae 
discs as far as the inside - 
edge of the disc rims. 


EDGE FILTRATION STOPS SOLIDS 


Fluid from filter inlet 
surrounds cartridge and 
is forced by differential 
pressure to flow radially 
inward through slots be. 
tween discs. No solids 
larger than slot opening 
can pass. Filtered fluid 
flows up through central 
channels to filter outlet. 


SOLIDS ARE COMBED OUT 


When the cartridge is | 
rotated (manually or | 
automatically) past sta- 
tionary cleaner blades, | 
all accumulated solids 
are combed from slots | 
and settle to the bottom 
of the sump from which 
they can be periodically 
removed. 
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Here’s a 2-Minute Study of 
EDGE FILTRATION 


You’ll see why many firms have picked Cuno for peak 
protection against solids in lube oil and coolant 





Name your requirements for the ideal fluid- 


next f cleaning method: 

ness 

ee ofB effective within a wide range of operating conditions. 
| by 


efficient, low pressure loss. 
your 
j35" compact, yet handles full flow. 
permanent, saves maintenance cost. 
self-cleanable without interrupting production. 
; 2 ! thoroughly-cleanable, no gradual build-up of un- 
posi. removed wastes. TO PREVENT PRODUCT 
otat.B Here's the one method that fulfills all those require- CONTAMINATION 
kes"M ments — the Cuno “Filter-Fine” Strainer embodying 
posi. in : 
t them the principle of edge filtration. 
them} Metal discs, separated by spacers, hold back all 
hwise d particles larger in size than the spacing between discs. 
| Cleaner blades extending into the slots between discs, 
clean out the accumulated solids, removing imbedded 
accumulations as well as those adhering to the surface. TO PROTECT FLUID TO REMOVE CHIPS, ETC., 
This cleaning is done without stopping flow. See how HANDLING SYSTEMS FROM COOLANT 
the filter is put together, and you'll see how it works. 


























BE BSB RRO TESST RE TTS TRH SRT Te GN GAS Um 
1 i 
!  CUNO ENGINEERING CORPORATION : 
à 313 South Vine Street, Meriden, Conn. e 
- Please send me a free copy of QUICK FACTS. I am especially interested 8 
: in the services checked. : 
4 
i [] Also send free Slide Rule — Pipe Flow and Filter Finder ' 
4 
inlet ' icati ou : 
- I n Poen y ( JDrilling Machines [Paint Spray Systems 1 
ntis : [Engines [Paper Machinery ' 
lially a [Air Actuated Instruments ( )Gear Hobbing Machines ( |jPneumatic Devices 8 
s be- € (Air Tools Grinders [Power Transmissions ! 
solids ' (Bakery Machinery [ |Hobbing Machines Presses af 
ening a [Balers [ ]Honing Machines [ JPrinting Presses à 
fluid 1 [Blowers [Hydraulic Systems Pumps 
ntrd i [Boiler Feed Incubators [Radial Drills 1 
utlet. a [Coal Loaders (Instruments (Rolling Mills a 
i (Coating Machinery Lathes Scrap Balers : 
: Combustion Equipment [ Lubricating Systems (Spray Systems 4 
a [Compressors [Machine Tools (Superchargers 4 
oN : (Controls [Meters [Tapping Machines : 
KEEP FLOW ' ON “GO” WITH 3 (Cooling Systems [Milling Machines [Test Stands 4 
C a [Crushers (Oil Burners [Turbines á 
|! [jDiesel Engines Oil Well Drilling Turret Lathes : 
€ uU IN | 1 Dip Tank Systems Equipment Welding Machines | 
N i i: 
3 
E o eter i 
5 
THE "FILTER-FINE" STRAINER : QE iu oi vis ho epa dd AER CR Ii CAN oA aa eR a EHE RERERCUNE ' 
E GUN oosss onhtpingk dh) nitabbcbéi dd eR RP RE odv EN ; 
` à 
i SER Loos as ad na a lc n ol óc RC Rc cabe 1 
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Damm 


BRANCHES AT Chicago, Cleveland, Detroit, Hartford, St. Louis, Indianapolis, New York, Philadelphi 


bres -Maddning Stainless Invented by Carpenter, 
Can Help to Relieve Wartime Production Pressure 
in Your Shop 


The usefulness of Stainless Steel has been greatly 
broadened since Carpenter's introduction of Stainless 
types 416 and 303, the basic Free-Machining Stain- 
less Steels. Today, Free-Machining Stainless Steels 
can be used for any machining job. Cutting speeds as 
high as 120 to 200 surface feet per minute speed this 
Stainless down the production line. The free-machin- 
ing qualities make for freer and cleaner cutting to 
close tolerances by causing the chips to skid off the 
nose of the tool and thus prevent "bugging"'. Further- 
more, these grades grind and polish as easily as they 
cut, since fine chips don’t tend to load the abrasive. 


On these pages we provide information on two of the 
most widely used Carpenter Free-Machining Stainless 
Steels. For jobs where severe corrosion is encountered, 
Carpenter Stainless No. 8 grade is recommended; for 
jobs requiring less severe corrosion resistance, Car- 
penter Stainless No. 5 will provide easier machining 
and make possible lower unit costs. In either case, 
you'll find these Free-Machining types absolutely 
uniform, bar after bar, in corrosion resisting and 
physical properties—in easier machining qualities. 


THE CARPENTER STEEL COMPANY 
117 W. Bern St., Reading, Pa. 


these Advantages 


of pree- Machining stainless 


in Your Shop 
speeds 


« Faster cutting * or weld- 


r me 


STAINLESS STEELS 
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TEI Bier nm 


vui 


— 
L6 Eau ME ED 
T d 









ee 


Gor Easiest M mi 
oo Straight Cloame Steins 


No. 5—Type Mb 





ter Stainless 


F, 
re Carpen 
This was the first Free-Machining Stainless Steel ever made 
—and it is still the most widely usec- Carpenter Stainless No. 
is used for making shafts, axles, gears, pinions, in machines, 
instruments, other appliances: also valve trim, bolts and nuts 
ly —in fact in any part requiring considerable machine work. 
ss E It performs in automatic screw machines about like SAE 1120 
n- ; and cutting speeds between 5 and 200 suríace feet per 
ls Ü minute are common. The anti-friction properties of this Stain 
is less help to prevent galling and seizing, and scratching from 
is 3 all sorts of metal-to-metal contacts No. 5 is recommen ed to 
n- i. resist atmosphere, fresh water, mine water, steam, carbonic 
to $ acid gasoline, crude oil, blood, perspiration, alcohol, 
1e * ammonia, soap, Sugar and sugar solutions and most food 
T- ; stuffs. Where extra corrosion resistance İS needed in 9 Free 
oy Machining Stainless, No. 8 is recommen ed. It is turnishe 
e. 1most exclusively in forging pillets and bars, hot rolled bars, 
cold drawn bars, centerless ground pars and polished shafting. 
le 
SS 
d, 
or E: 
Z- . 9.4.2 T 
D Gor Easiest M 
e e ° 
E in an 18-8 Stainless 
id 
S. 
Carpenter Stainless No- g—Type 303 
This Stainless is Free-Machining 18-8 chrome-nickel steel, 
d used for automatic screw machine parts, valve pots, oircralt 
> engine parts, etc. This Stainless is $0 freely machinable that 
j it can readily be handled on automatic screw machines at 
x about 70% ot the speed ot SAE 1120. No 8 resists rusting from 
R all atmospheric sources and is recommended for use in con 
3 nection W? foodstuffs sterilizing solutions, most of the 
" A organic chemicals 9n dyestulis, and a wide variety of 
a inorganic chemicols. This Stainless İS easy to grind or polish. 
Bs It is furnished almost exclusively in forging billets and bars, 
Re. hot rolled bars. cold drawn bars, centerless ground bars and 
a polished shaíting. 
Note! The physical properties of all 
grades of Stainless Steel depend upon 
form, heat treatment or cold working. 
ies are avail- 
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Physical Properties ot Carpen 
Type 416— (Carbon 309, — Chromium 13.50, — Sulphur 3 | 
Tensile Strength—80.000 to 164,000 lbs. M 
per sa- in. | 
Specific Gravity— 1-11 1 
Melting Point— About 25295° F. ! 
Specific Heat—-} 1 
Thermal Conductivity- 099 C.G.S. units 
at 100 deg. ©- 
Expansion— 000006- 


ter $tainless No. 5 ; 








orged 


of this 
from 


f 
was made 


THE BODY 


ate valve 


e 
possible 
tainless 


A 
-—- 


Carpenter S 
is used. 


Carpenter Stainless No. 8 


Physical Properties of 


Type 303— (Carbon 10%— 
Chromium 1 007, — Nickel 8.007, — Selenium 15%) 
gth—85.000 to 150,000 lbs. 


proximately 2550* f. 


.037 c.G.S. units 


Coefficient sion— 0000095 
68° F. 


average 
(This is abou 
or the sim 
Magnetic Properties N 
k-hardene when 


ild steel, 
less Steels.) 


on-magnetic unless 
it becomes slightly 


aled 1 .003 mox. 


— As anne 
00,000 


permeability 
lus—29.0 


Elastic Modu 







resisting ports 










SMALL screw machine ports CORROSION 
like thes must be kept to in this dew point tester cost 
extremely lose tolerances. less to machine hen they 
i are made from C rpenter 
Stainless NO- 





For best r 
"dm 
Carpenter Bt to call in Stainless parts 
experience presentative. He Li nearby 
Stainless es applying Fre M ad broad 
Stainless us els to the dies achining 
A eee ems of other 
garding your — ! us at 
, nts. 
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THE FLANGE (or *Hat") PACKING 


The flange packing is self-sealing at its inside periphery 
site of a cup packing. 

With rare exceptions, it has only one application — in a packing recess, 
to prevent the passage of the medium along the shaft or piston rod. 

It is installed with the sealing lip facing the pressure medium. Sealing 
contact between the piston rod and the inside periphery is maintained by 
the pressure of the medium in the system; sealing contact between the 
flanged surface and the stuffing box is provided by tightening the gland 
on the flanged area. 

The flange is most successfully applied where the pressure is not too great. 
Typical applications are as a dust seal, oil seal or wiper. It has the advantage 
of being removable for reinstallation; the conventional metal-encased 
retainers which are pressed into a housing, are usually destroyed by removal. 


MAIN ADVANTAGES 


Y. Low first cost. Also: machining is simple; no special finishing required 
for surfaces of packing recess and gland. 2. Minimum space. 3. Easy 
installation. Flanged part of packing is mechanically sealed by tightening 
the gland. 4. No rotation. Flange, compression-sealed with gland, has 
only one mechanical sealing surface (the inside periphery). No danger of 
packing rotating with rotating shaft. 


- just the oppo- 





GRATON & KNIGHT ENGINEER: 





DESIGN FEATURES 
A. Packing Recess 


1. 


PRODUCT ENGINEERING — 


. . . | 
Outside diameter (E): equal to outside 


diameter of packing. 

Inside diameter (G): equal to shaft diame. 
ter plus 214 times thickness of leather 
This allows clearance (A) between vertical 
wall of recess and flange equal to approxi- 
mately 25° of packing thickness, to pre 
vent binding and for ease in assembling. 


Depth (D): equal to overall height of pack E 


ing (plus (usually) 1/16 of an inch. Th 
extra clearance allows free admission of th: 
medium to the packing recess. 

Depth (F): enough to center the gland « 
packing follower. 

Corner (B): chamfered or rounded to avoid 
cutting the packing. 

Corner (G): chamfered. 

Gland (or Packing Follower) 
Bolted Gland (Fig. 1): Clearance (H 
between inside diameter of gland and the 
shaft must be minimum, in order to give 
the flange proper backing...depth d 
gland (K) should be sufficient to insure 
enough clearance at (J) so that tightening 
the bolt will develop a compression seal 
on the base of the packing. If clearance is 
excessive at (H), a metal washer can be 
installed to properly support packing. 
Threaded Gland, with protective washer 
between flange and gland, to prevent dis 
tortion of flange by tightening of gland. 
Expanders (actually **contractors", 
in case of flanges) 

Finger Type Expander: phosphor bronz 
type is most efficient, but is usually limited 
to production jobs. 

Garter Type Expander: coil spring easily 
wound on an ordinary lathe. 
Miscellaneous Expanders: rubber or syn 
thetic rubber, braided flax, hemp, etc. 


E : 
E t E ^ 
" I NN 
P TW D Sm 
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GRATON & KNIGHT 
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“PACKING POINT” 


CASE NO. 1 


OIL SEAL 
APPLICATION 


Equipment: rotating shaft. 











T L T ..| 






" — J Operating conditions: used a. 
mmm oil retainer with coil spring. 






ES 


Packing recommended: 
Spartan leather especially treated 
for oil. 
















tide 
Accessories: close-wound 
coil spring, contracting the 
inside diameter of the pack- 
ing, keeping it in sealing con- 
tact at the sealing point, 
without causing excessive 
friction. It will maintain ten- 
sion even after considerable 
wear has taken place on the 

a packing. (Spring not furnished 
Aie by G & K.) 


e 

E 
ame 

it her i 
rtical 
)TOXI 
| pre£ 

ng. 
pack: 
ThE 
of thi 













CASE NO.2 


PNEUMATIC APPLICATION 


Equipment: retractible head of 
welder. 

Operating conditions: 125p.s.i.air. 
Packing recommended: Spartan 
leather especially treated for 125 
p.s.i. pressure. 

Accessories: In accordance with 
Imm | recommended practice under Fig. 1. 




















nd of 











avoid 


(H See Graton & Knight Insert in SWEET's File for Product Designers 


SPARTAN LEATHER PACKINGS anon a service 


> give 
th. d 




























insure 
ening 
.sit} THAT BUILDS CERTAINTY AT THE POINT OF SEAL 
nce is 
an be Graton & Knight’s SPARTAN em- mellowness, flexibility and body not 
;. phasizes the many advantages of found in the usual chrome tannage. 
ashe | leather as a packings material — Spartan has highest resistance to Flanges 
t dis 1 E heat (withstands boil test), and will not 
nd. e 2 Nu 8 — dry out hard and brittle. It is ac- 
ors", e CMM s. am knowledged the top-quality leather in 
ow temperatures ... adapta- th ki rae ae 
bility to wide range of mediums "- -— m - ry. 
'ronzt . economy The combination of proper selection Cups 
mited - EE of sealing material plus correct ap- 
and adds the following qualities, plication has made Graton & Knight 
easily which result from the exclusive engineers the No. 1 source of practical, 


Graton & Knight SPARTAN time-saving aid for machine designers. 
tannage — When your design reaches the “‘pack- 


Vees 
the resistance to heat and oil of ing point" — or when a packing trouble 


top-quality chrome leather. ..a arises — call on G&K engineers. vs Specials 


t syn 








a | 
R ‘ the hand that builds certainty at the point of seal 
= GRATON & KNIGHT COMPANY 


' A Now | ^ WORCESTER 4, MASSACHUSETTS 


KNIGHT 


—— - a arene ——————————Á E a t i e 
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©) FH GENERAL-PURPOSE 


/k SPLIT-PHASE 


ON MOTORS FOR WAR AND 


POST-WAR NEEDS RUNNING 


WINDING 


PERCENT SYNCHRONOUS SPEED 


PERCENT FULL LOAD TORQUE 


MOTORS THAT MUST BE ALWAYS 


THIS MOTOR 


@ Where medium starting and 
breakdown torques are required. 


@ Where starting currents must Certain small motor jobs call for frequent starting . . . the kind 


be kept within standard rated of repeated "stop and go" that's tough on motors 
NEMA values. p p" 8 " "8 7 


Whacalsnaquess operation is call- When this type of drive is needed, special attention should be 
ed for and duty cycle is more than given to the starting current taken by the motor, as some motors 
1000 hours per year. require considerably higher starting current than others. 


Type FH General-Purpose Split- Type FH General-Purpose Split-Phase Motor is just the motor 
Phase Motor you'll want when medium starting and breakdown torques are 


$ needed. Starting current is low—within standard NEMA values. 
PHASE—Single CYCLES—60, 50,25 


HORSEPOWER—1/20 to 1/3 
VOLTS—115 or 230 
SPEEDS— (approximate full load rpm) 


60 Cycles ... 3450, 1725, 1140, 860 ‘ASK FOR APPLICATION HELP 
50 Cycles... 2850, 1425, 960 


25 Cycles... 1425 Small motors have gone to war ... some on wartime applications 
of peacetime products ... many others on specialized war applica- 
tions. For further information on Westinghouse small motors, 
watch for additional “Torque Talks” or write Westinghouse 
Electric & Manufacturing Company, East Pittsburgh, Pa. 3.03195 


Type FH motors are especially suited for blowers and circu- 
lating pumps aboard ships; heating fans and oil burners in war 
plants and similar frequent-starting applications. 


Westinghouse 


PLANTS IN 25 CITIES... OFFICES EVERYWHERE 
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PRODUCT o "E: MONTH 


NEW “MAGIC GRIP” 

SHEAVE locks to shaft 

in one tightening 

operation. As bush- 

ing is drawn further 

eS into sheave, both are 

ilocninc| \ locked to each other 
SCREW \ and to shaft simul- 

y j taneously. 


Slide it on as a complete unit, line it up, and lock it — that’s all there is to it with “Magic Grip” Sheaves! 


* 
ILWAUKEE, WIS.—Allis-Chalmers announces the new “Magic 
ip” Sheave .. . designed to save man-hours and money by 
ying on or off faster than any other sheave on the market. 
ew “Magic Grip” Sheave fits undersize or oversize shafts, 
enters perfectly, runs smoothly. Send for Bulletin B-6310. 


A 1679 
> 


í WE WORK FOR WE PLAN FOR | 


PEACE . 


ALLIS- CHALMERS SHPRES EE- WISCONSIN 


rRODUCT ENGINEERING — JANUARY, 1944 








Do these applications of Ving lie Maiti 


suggest answers to your problems? 


As Basic Raw Materials, VINYLITE Sheets, Moldings, Coatings, 
and Adhesives Solve Hundreds of Critical Problems Arm 


VINYLITE Plastics have taken a major role on two im. 
portant fronts...the battle front and the industrial front $ coat 
...for these reasons: wate 






























First, they are supplied, or can be fabricated, in a wide in a 
variety of forms...rigid sheets, elastic sheeting and film, B inst 
rigid and elastic moldings and extrusions, or bases for 
coatings and adhesives. 


Then, too, VINYLITE Plastics are strong, lightweight, 
dimensionally stable, non-flammable, resistant to water, 
oils, and chemicals. 


Because they have found such wide application in essen- 
tial uses, these plastics are restricted to high-priority 
applications. Our Field Engineers and Development Lab- 
oratories will be glad to help you with such problems. 
Get in touch with them, now, or write for Booklet 10, ^ 
"Vinylite Resins — Their Forms, Properties and Uses." 





Plastics Division 
CARBIDE AND CARBON CHEMICALS CORPORATION B me 
Unit of Union Carbide and Carbon Corporation hov 


bor 
UCC] adt 
30 EAST 42ND STREET, NEW YORK 17, N. Y. bec 


To speed the making of templets for complex aircraft 
parts, one of America’s leading fighter plane manufacturers 
uses an ingenious method of photographing tracings directly on 
steel plates. The original drawing is carefully traced on a sheet 
of VINYLITE Rigid Plastic. The result is an extremely clear, 
plastic negative. 


The final steel print 
is developed by applying 
acid and friction. When 
compared against the trac- 
ing on the VINYLITE sheet, 
it proves to be a perfect 
reproduction. 


»ygryage <zazogzg8g zxz ezz 7u <p 





This plastic negative is then sandwiched between a sheet 
of light-sensitized steel and the glass door of a special print- 
ing box. Vacuum draws the three into perfect contact. Then 
arc lights make a contact print of the templet drawing directly 
on the steel. Because VINYLITE Plastics are dimensionally 
stable, no distortion occurs under this sharp temperature 
change, permitting the image to maintain the absolute 
accuracy required in the final part. 


After checking the steel plate against the original drawing, it is 
cut to shape. The entire process, from drawing to templet is completed in 
only one hour. 
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Survivors of sea casualties are easier 
to spot from a rescue plane now that both the 
Army and Navy are providing life jackets 
with special packets containing a ‘“‘tea-bag”’ 
of fluorescent dye. In times of emergency the 
dye is readily released to spread quickly over 
a large area of the sea. One problem in the 
manufacture of these packets was to find a 
coating and an adhesive that were strong, 
waterproof, and that would protect the dye at 
extreme temperatures. 'The answer was found 
in a VINYLITE Plastic. Cloth is coated, then 
instructions are printed on it. The “tea-bag” 
is inserted and the packet edges are heat- 
sealed, using the coating as the adhesive. 





A manufacturer of machine roll 
coverings experimented with an extruded tube 
of VINYLITE Elastic Plastic applied over the 
metal core. But, with vulcanizing impossible, 
how could this new material be successfully 
bonded? The answer came in the form of an 
adhesive made with VINYLITE Resins. And 
because VINYLITE Plastics do not oxidize the 
new platen is proving to be superior to its 
rubber predecessor. 


PROPERTIES OF ‘‘VINYLITE”’’ ELASTIC 
PLASTICS —These are a relatively new group of 
VINYLITE Plastics with rubber-like or elastomeric 
properties. They are produced in a variety of 
forms, ranging from soft to semi-rigid. They 
possess great toughness, and excellent resistance 
to continued flexing, and to severe wear and 
abrasion. Tensile strength is higher than that of 
most rubber compounds. Their electrical insulating 
properties are outstanding. They are not subject 
to oxidation. By correct choice of plasticizer, they 
can be made non-flammable, and highly resistant 
to water, oils, and corrosive chemicals. They are 
available in a wide range of colors, either trans- 
lucent or opaque, or can be supplied in their 
natural, colorless, transparent state. Since all 
VINYLITE Elastic Plastics are thermoplastic, no 
turing or vulcanizing is required. They are more 
affected by temperature changes than is rubber, 
but their operating range is wide, some types re- 
Maining flexible at —50 deg. F., yet tack-free at 
200 deg. F. 

VINYLITE Elastic Plastics are supplied as sheet- 
ing and as compounds for calendering onto cloth, 
end for molding and extrusion, 


PROPERTIES OF "VINYLITE" RIGID PLASTICS 
—Produced from  unplasticized vinyl resins, 
VINYLITE Rigid Plastics possess a combination of 
properties found in no other thermoplastic material. 
Because of their extremely low water absorption, 
fhese plastics remain dimensionally stable under 


These two storage tanks contain con- 
centrated sulfuric acid. The temperature of 
the metal is usually between 90 and 100 
degrees F. There is considerable spillage. 
Under these conditions, ordinary coatings 
broke down in less than a month. One year 
ago the tanks were refinished with VINYLITE 
Resin VMCH air-dry coating. Today, al- 
though stained by spilled acid, this coating 
is unharmed. 

































Tiny grommets must be made by the 
thousands to supply the needs of American 
military planes and trucks. Today these grom- 
mets are injection molded of a VINYLITE 
Elastic Plastic. This conversion saves large 
quantities of critical rubber, but even more 
important, it cuts molding time to a fraction 
of that formerly needed. Scrap and trim can 
be remolded immediately without costly re- 
Processing. 





widely varying atmospheric conditions. They have 
exceptional resistance to alcohols, oils, and corro- 
sive chemicals. They have high impact strength and 
tensile strength. They are odorless, tasteless, and 
non-toxic. They do not support combustion. They 
are available in a wide range of colors, translu- 
cent or opaque, and also in colorless, transparent 
forms. They are supplied as rigid sheets or as 
molding and extrusion compounds. Rigid sheets can 
be fabricated by forming, drawing, blowing, spin- 
ning or swaging, and can be punched, sheared, 
sawed, and machined on standard metalworking 
tools. Molding compounds are suitable for both 
compression and injection molding. Extrusion com- 
pounds give highly finished continuous rigid rods, 
tubes, and shapes directly from the die. 


PROPERTIES OF “VINYLITE” RESINS FOR 
SURFACE COATINGS— Correctly formulated and 
applied, VINYLITE Resins yield finishes of un- 
usual toughness, gloss, adhesion, and chemical 
resistance. They can be applied by spraying, knife- 
coating, or dipping to a wide variety of surfaces, 
such as metal, cloth, paper, and concrete. Pre- 
pared by dissolving resins in organic solvents, these 
finishes can be modified with a wide variety of 
pigments, dyes, and plasticizers. These resins are 
generally not employed with other film-forming 
bases, therefore, coatings formulated from them ex- 
hibit the desirable features of VINYLITE Resins alone, 
Drying is solely by evaporation of solvent, and 
finishes can be either air-drying or baking types. 


Important blueprints became oil stained, 
wrinkled, and torn in war-plant shops. How 
could they be made more durable to eliminate 
this waste? Now a thin sheet of VINYLITE 
Elastic Film, backed with paper, is laid over 
the print . . . then ironed on at moderate temp- 
erature. The thermoplastic film softens . . . 
adheres to the print. As soon as it cools the 
backing paper is stripped off, leaving a strong, 
glossy, water- and oil-proof coating. 






Bomber floor mats and catwalk mats 
must be skidproof and unaffected by oil. A 
Prominent rubber company, using standard 


rubber - processing equipment, calendered 
VINYLITE Elastic Plastics on a cloth base... 
embossed the surface for maximum traction. 
Since VINYLITE Elastic Plastic requires no 
curing or vulcanizing these sturdy, skidproof, 
oilproof mats are made at low cost. 


PROPERTIES OF "VINYLITE" RESINS FOR 
ADHESIVES — Unusual toughness, resiliency, and 
impact resistance are characteristic of adhesives 
made of VINYLITE Resins. These resin adhesives 
are widely used as bonding agents for such ma- 
terials as cellophane, cloth, paper, cardboard, 
porcelain, metal, mica, stone, leather, wood, and 
plastic sheets and film. They are available as 
powders for the compounding of adhesives, or as 
solutions sold under the trade-mark VINYLSEAL. 
The latter are especially recommended for bonding 
impervious materials, such as metals, and urea 
and phenolic plastics. Their bonding strength is 
comparable to that obtained with soft solder. By 
the addition of plasticizers, adhesives based on 
VINYLITE Resins can give almost any degree of 
flexibility desired. 


Vinylite 


ELASTIC PLASTICS ^» 
RESINS FOR ADHESIVES 
RESINS FOR SURFACE COATINGS 


Tbe words '"Vinylite" and 'Vinylseal" are registered trade- 


marks of Carbide and Carbon Chemicals Corporation. 





RIGID PLASTICS 


will make that a one-man door 


No need to make boxcar doors heavy to make 
them strong. Aluminum will provide the light- 
ness necessary for easy opening and closing, 
the rigidity and strength required for protec- 
tion and permanence. Look at the many 
places in wartime airplanes where Alcoa 
Aluminum Alloys are doing exactly that 
kind of job. 

In these days of shortages of many ma- 
terials, it’s quite possible that Aluminum 
can be obtained for doors for the new boxcars 
scheduled to be built. No extra man-hours 
will be needed to fabricate aluminum doors, 
and think of the man power and disposi- 


tions saved when these cars get into service. 

Imagineers who are seeking ways of im- 
proving rolling stock to be built for wartime 
service, and for postwar use, may well exam- 
ine the advantages gained by employing Alcoa 
Aluminum Alloys. Weight-saving usually 
means labor-saving. And, because aluminum 
is highly resistant to corrosive attack, equip- 
ment is less likely to be injured by unavoid- 
able neglect. 

Alcoa engineers offer their assistance to 
men who are doing this kind of thinking. 
ALUMINUM ComPANy OF America, 2193 Gulf 
Building, Pittsburgh, Pennsylvania. 


ALCOAUALUMINUM 
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YOU demand, in roller chain, strength, light 
weight and stamina to withstand shock loads. 
LINK-BELT'S strict standards of material and 
production methods coupled with exclusive de- 
sign features, assure exceptional strength-to- 
weight ratio, and uniformly high efficiency. The 
exclusive curled roller cushions any shock and 
greatly lengthens the life of the chain. 


YOU require low first cost and low upkeep. 
Skilled engineering applied to the design and 
manufacture of Silverlink Roller Chain assures 
economy in both installation and operation. 


LINK-BELT 


In cooperation with 

the government con- 
servation program, Sil- 
verlink roller chain is now 
furnished in a durable *'black- 
out" finish. 


YOU 


transmission and smooth, flexible, economical 
operation of conveying equipment .. 

LINK-BELT Silverlink ROLLER CHAIN, with 
its sound basic design, all-steel construction 
and precision manufacture, meets your needs 


require positive, efficient power 


completely! 


YOU can profit through the broad expe- 
rience of LINK-BELT chain engineers—let them 
help you bring your drives and conveyors to 
peak efficiency. Write for Roller Chain Engi- 
neering Data Book No. 1957. 


COMPANY 


Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, 
San Francisco 24, Toronto 8. Offices, warehouses and distributors in principal cities. 
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(Above) PERFECT MATCHES are these BEETLE* buttons because 
BEETLE molding compounds assure uniform strength, unvarying 
color, and resistance to dry-cleaning and laundering. 


(Below) URAC* WEATHERPROOFED paperboard containers carry mer- 
chandise to all parts of the world because of the qualities of 
water-resistance and strength imparted by Cyanamid’s Urac 
resin adhesives to solid fiber and corrugated paperboard. 


PHOTO COURTESY UNITED AIR LINES 





finish 
regar 


REVISED ALLOCATIONS of plastics materials make BEETLE avail- 
able for a larger supply of closures for civilian use. Keep in 
touch with your molder on changes that may occur on the avail- 
ability of material for molded plastic needs. 
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FROM MIXING MILLS like the one at 
right at the plant of the American 
Cyanamid Company in Bound Brook, 
New Jersey, come BEETLE molding 
materials to be transformed into 

lastic parts for ships, planes, and 
other equipment for our armed forces 
as well as many civilian applications. 
Its use for the production of civilian 
products such as radio cabinets, clock 
cases and some other peacetime 
products is now being considered 
and material allowed. 

BEETLE molding compounds, in 
both pow der and granular form, are 
supplied in many plasticities designed 
to meet job specifications and mold- 
ing conditions. BEETLE—the plastic 
that is all color— in all colors—com- 
bines brilliance with permanence in 
a wide selection of different colors, 
either translucent or opaque. Com- 
plete information on the best current 
molding practice, properties of 
fnished parts and pertinent facts 
regarding piece design and applica- 
tion of BEETLE and other Cyanamid 
plastics are available upon request. 


(Above) AMERICAN INGENUITY has put into full swing the production (Above) CYANAMID CHEMISTS are working with the most modern 

amphibious transport gliders, one of the newest of our aircraft equipment to create new uses for plastics. Shown here is a photo 
developments. Designed and built according to Army-Navy speci- taken at the Cyanamid Research Laboratories from the sound 
fications, molded plywood bonded with synthetic resin adhesives are and color film, This Plastic Age, produced by Modern Plastics 
used to combine lightness, strength and rigidity in construction magazine. It covers the activities of the entire plastics field and 

veral Cyanamid resins for use as both hot and cold set adhesives is for showing to manufacturers and molders, war plants, technical 
are available to meet various fabrication conditions. Further and educational groups, museums of art and science in the 
information will be supplied on request. United States, Canada, Spain and China. 


AMERICAN CYANAMID COMPANY 
E 


ATE. 


CYANAMID PLASTICS - Beetle - Melmac - Urac - Melurac - Laminac 
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ALLOY CONDI- Tensile Strength Yield Strength! Elongation 
TION lb. per sq. in. lb. per sq. in. 
Specified Specified Specified 
Typical | Minimum | Typical | Minimum | Typical | Minimum 
Bars and 
Rods? 


Dowmetal FS-1 40,000 29,000 
| 2| 5 | 
| u | 9| 

7 
1 


Co 


12,000 


7 


A 


Dowmetal O-1A 50,000 | 45,000 | 34,000 


Dowmetal M As Extruded | 38,000 | 32,000 | 26,000 | 20,000 


Dowmetal O-1 | As Extruded] 49,000 | 43,000 | 33,000 | 28,000 1 
30,000 
Dowmetal FS As Extruded | 37,000 | 24,000 | 17,000 5 
-n 
Dowmetal J-1 As Extruded | 42,000 | 38,000 | 25,000 | 23,000 
Dowmetal M As Extruded | 36,000 | 32,000 | 20,000 


7 
70 


Ed 
Dowmetal FS-1 34,000 | 32,000 


1Determined by 0.2% offset method. ?These’properties are applicable to bar and rod sizes up to 7 sq. in. cross sectional area. 
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Dowmetal O-1 s Extruded| 45,000 | 40,000 | 29,000 
Dowmetal O-1A | Aged 47,500 | 44,000 | 31,000 | 28,000 
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14,500 
8,500 

9,000 
18,500 
17,500 










Dowmetal FS-1 





Write for the New Booklet 
"DOWMETAL MAGNESIUM ALLOYS” 


This is Number | of a series of statements on how to 
use Dowmetal Magnesium Alloys in designing diverse 
products. They cover technical information on the 
standard forms of fabrication, as well as tables on 
properties and the characteristics of the various 
alloys. All this material is available in an illustrated 
booklet. A copy will be mailed you on request. 


MAGNESIUM DIVISION 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


New York * Boston * Philadelphia * Washington * Cleveland * Chicago 
St. Louis * Houston * San Francisco * Los Angeles * Seattle 


COMPOSITIONS AND CHARACTERISTICS 


Nominal Compositions—per cent 





Manganese [ Zinc 





Aluminum | Magnesium 
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Remainder 


General purpose extrusion alloy 
with moderate strength and good 
formability. 






Most widely used extrusion alloy 
with improved strength and salt 
water resistance. 


Extrusions with moderate strength 
and best combination of weldabil- er 
ity, formability and resistance to / 
salt water. 


Heat treatable, high strength ex- 
trusion alloy. 



















OF EXTRUSIONS 


(Number 1 of a Series) 


Standard and special shapes, bars, rods and tubing 
are produced from magnesium alloys in a wide variety 
of forms and sizes by extrusion. This method of fabrica- 
tion permits the manufacture of shapes not possible to 
obtain by rolling. As a result, the designer is not limited 
to standard shapes, but can choose a section indi- 
vidually designed for a particular need. Also, in many 
cases two or more shapes can be combined into a single 
extrusion and the cost of forming or fabricating stand- 
ard shapes into the desired section is avoided. The 
nominal cost of extrusion dies permits this possibility 
even when a relatively small quantity is desired. 


Magnesium bars and rods are ideally suited for screw 
machine stock because of the excellent machining 
characteristics which the metal possesses. 


SHAPES AND SIZES AVAILABLE: Standard round, 
square, hexagonal and rectangular bars range in 
sizes from \ to 6 inches in diameter or cross-sectional 
dimension. Angles, channels, I-beams, zees and other 
structural shapes conform closely to the American 
standard sections and can be made in sizes from the 
smallest to that represented by a 7-inch channel. Tubing 
is available in sizes from 4 to 7 inches O.D. and with 


wall thicknesses down to 0.022 inch. 


The Dow Chemical Company also has a wide variety 
of extrusion dies for special shapes and a stock of 
standard dies, and is equipped to manufacture new dies 
as may be required. 







CHARACTERISTICS 



























Load Capacity o 


ies 5 This is an enlarged photograph 
of one of the famous BOOTS 


ALL-METAL SELF-LOCKING NUTS 
(ANCHOR STYLE) 
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5. Planes Increased 





py Qvec d lg- 


thanks to this all-metal self-locking nut. 


All types of U. S. Aircraft— R 
,; Their P0075 or 
| FY Witt 


BOOTS |. — 


SELF-LOCKING NUTS 


“OUTLAST -THE PLANE” 





ORPORATION, GENERAL OFFICES, BOOTS PARK, N 
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HERE'S WHY gto jd 
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EET YOUR POSTWAR DESIGN PROBLEMS TODAY 
. PnESEO EE REE 


* 
For gearmotor application information, write for booklet fy l 
B-3218. Address Westinghouse Electric & Mfg. Co., East ug, 


Pittsburgh, Pa. 
PLANTS IN 25 CITIES... OFFICES EVERYWHERE 
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Small, simple and inexpensive, a Klixon 
Protector, built right into a motor, pro- 
tects the motor from overheating and 
burning out. You can operate the motor 
f at peak capacity always . . . but as soon as 
you overload the motor to the point 
where it gets dangerously hot, the Klixon 
Protector automatically cuts the motor 
off the line and prevents it from burning 
out. When the motor cools sufficiently, 
it starts up again automatically or by 
manual reset. Yes, Klixon Motor Protec- 
lors really stretch motor life by eliminat- 
ing burnouts and costly repairs. 

Get the most out of your motors. Spe- 
tify Klixon Protectors on all the motors 
you buy. They can be had on AC motors, 


all sizes; DC motors up to 30 volts. 
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KLixON cincvim BREAKERS 


SPENCER THERMOSTAT CO., ATTLEBORO, MASSACHUSETTS 
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in THE NEWS 


WITH TORRINGTON BEARINGS 


NAKED HULLS GROW INTO HUGE PBY Naval Patrol Bombers as they pass along the conveyor 
system of the production line at the Consolidated Vultee Aircraft Corporation. The hulls are 
supported on cradle-like dollies which move the ever-increasing load smoothly to its completion 
while removable sectional platforms provide ready access to the superstructure of the airplanes. 
To safeguard the vital wheel axles of the conveyor dollies so that the heavy load will be carried 
steadily and safely and without time-consuming stoppages, the makers of the conveyor system 
selected Type NCS Needle Bearings for their high capacity and low friction coefficient. 






The Worids Largest Cold St 


MAMUFJ 


ghe JAMISON COLD STORAGE DOOR CO. 


“WORLD'S LARGEST” are these cold storage 
doors made by the Jamison Cold Storage 
Door Company for a 67° below zero cold 
chamber at Wright Field. To help support 
and lend ease to the operation of these colossal 
doors, a Needle Bearing equipped floor roller 
assembly has been applied to the bottom of 
the hinge sides, as shown in the cross-section, 
to provide ease of manual operation. 








má 


A COMPREHENSIVE LINE OF STANDARD ANTI- 
FRICTION Bearings—straight roller, tapered 
roller, needle, and ball—is offered by the 
Bantam Bearings Division. For new or un- 
usual bearing problems, the assistance of 
Torrington-Bantam’s engineers is especially 
valuable. Years of experience in the design 
and application of special bearing styles stand 
back of their recommendations. Whenever 
you need engineering counsel on standard 
or custom-built bearing types, TURN 
PO TORRINGTON. 
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STRAIGHT ROLLER - TAPERED ROLLER - NEEDLE - BALL 
THE TORRINGTON COMPANY + BANTAM BEARINGS DIVISION 
SOUTH BEND 21, 
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TAPPING OPERATIONS are done swiftly and ac 
curately with this Garvin No. 2-X Duple 
Automatic Tapper manufactured by the West. 
ern Machine Tool Works. The builders of this 
machine selected Torrington Ball Thrus 
Bearings for application on the spindle be 
tween the forward and reverse driving frictio 
cones, as shown in the cross-section, becaus 
their sturdy construction and high accuracy 
could withstand the repeated shock loading 
which the application required. 


RIVET HOLES IN TIGHT CORNERS and smal 
openings are easily drilled with this pneumati 
angle drill made by the Chicago Pneumatic 
Tool Company. Because of their small siz 


and high load capacity NCS Needle Bearings 
were selected to carry the load on the shaft 
these compactly designed tools, as illustrated 
in the accompanying cross-section of the drill 
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| New INTERNAL-PIVOT 


ELECTRIC INSTRUMENTS 
1 22-inch ---1 inch deep 










(Above) The new internal-pivot bearing construc- 
tion, (Right) Top bearing (pivot and jewel) mag- 
nified 20 times. Note strong, solid construction. 


WHY this BEARING 


CONSTRUCTION INSURES 
LONG-TIME SERVICE... 


N THESE new G-E instruments, the pivots are solidly mounted 

on the inside of the armature shell instead of being cemented 
to the outside of the armature winding. The result is a rigid construction that helps 
to maintain accurate alignment. 

The steel pivots, highly polished, are of the aircraft type, larger than normal. 
This means less stress on the bearing surfaces and a construction that will stand 
rough treatment and shock. 


The pivots rotate in low-friction, highly polished, glass vee jewels—one mounted 
rigidly in the top of the frame-and-core assembly, and the other mounted in a 
movable lower jewel sleeve located in the soft-iron core. 

This combination—accurately formed, hard-glass jewels and large-radius steel 


pivots—provides a co-ordinated bearing that has proved, by field tests, to be 
excellent from the standpoint of long life and ability to withstand vibration. 





Thin, Strong, Accurate Instruments 


1. Thinness is obtained by solidly mounting the pivots on the inside of the 
armature shell. Most instruments are approximately one inch deep. 

2. Strength is obtained by short, solidly mounted, large-radius pivots and the 
extra-strong over-all case. 

3. Sustained Accuracy is insured by the featherweight moving element, com- 
bined with high torque and permanent alignment of all parts. 

For ratings, prices, and dimensions, ask our nearest office for Bulletin GEA-4064, 
which covers instruments for use in radio and communications equipment; or 


Bulletin GEA-4117, which describes those suitable for naval aircraft. General 
Electric Co., Schenectady, N. Y. SMALL PA N FL 


602-44-6200 
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This time-potential curve shows that zinc will 
protect the aluminum in the solution in question 
Measuring and recording solution potentials of zinc 
and aluminum simultaneously under service conditions 


ALCOA 


All structural metals are affected to a vary- 
ing degree by corrosive agents. Aluminum 
alloys, of course, are highly resistant to much 
of this attack, accounting for their wide- 
spread use in many types of equipment. But 
even aluminum sometimes requires extra 
care to extend its life—cathodic protection, 
inhibitors, protective coatings. 

The airplane builder employs cathodic 
protection when he uses alclad aluminum 
alloy for the skin of his plane; the outer coat- 
ing of this sheet electrolytically protects the 
inner, high strength aluminum-alloy core. 
Processing equipment is similarly protected 
when zinc strips are added to sidetrack the 


attack from the aluminum. 


The question, “Will cathodic protection 
work for me", is continually being answered 


by Aluminum Research Laboratories for 


buyers of Alcoa Aluminum. The test is made 


by duplicating the materials to be employed 
in the equipment, and bv simulating service 
conditions. If zine proves anodic to the 
aluminum alloy, it is safe to say, “Cathodic 
protection will work there”. 

If you are wondering how to extend the 
life of your equipment, call on Alcoa. Our 
engineers and chemists have spent a life- 
time perfecting ways of making Alcoa 
Aluminum Alloys serve best. ALUMINUM 
Company OF AMERICA, 2198 Gulf Building, 


Pittsburgh, Pennsylvania. 


JALUMINUM 
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RELIANCE 


SNAP, BEARING, Lock, RETAINER 





Snap ring used as 
synthetic shoulder in 
place of lock nut. 










RELIANCE RINGS are the synthetic shoulders for 
use on shafts—formed from cold finished wire (car- 
bon, alloy, stainless, nonferrous) of the correct Key- 
Snap tings used in Stone shape to provide a true and parallel bearing 
lock aut. "" surface with proper gripping tension and groove fit 
made from various designs of section with round, 
square, chamfered or radiused edges, depending 
upon the type of installation—service requirement— 
fillet or radius in bottom of the groove. 


|| 
L7 


$2 





RELIANCE RINGS are designed for easy installation 
and removal from the assembly — truly concentric 
they do not create an unbalanced condition in high 
speed applications. Write for engineering data and 


folder 443. 


OTHER RELIANCE PRODUCTS 


Shaít application of c2 Gm — c 


standard round sec- 


Shaft lication of 

cendend « square sec- 

tion open or closed 
e snap 

















EATON MANUFACTURING COMPANY 
RELIANCE DIVISION DEPT. E MASSILLON, OHIO 
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THE CORROSION CONDITIONS: 


Li 
kd 


EBANON (© 10 is the “standout” for handling 
moderately corrosive solutions over a broad 
range of applications and at temperatures to 
1100? F. Strength and yield point are notably 
high...creep is exceptionally low. 

This alloy may be welded by the electric arc 
or the acetylene method with welding rod of 
similar basic composition. 

Lebanon ( 10 is recommended for heat 
exchangers, return bends, flow line headers, flow 


= Mild Solutions at Temperatures to 1100°F. 


THE APPROVED STEEL CASTINGS/ALLOY: 


Lebanon @ 10 


line header plugs, flow line header yokes, flanges, 
pipe fittings, valve bodies, valve trim, oil pump 
impellors, oil pump diffuser rings, oil pump 
casings and condenser fittings. 

For its intended functions, Lebanon (D) 10 is 
an ever dependable specification. Find out where 
and how it fits into your picture... write today 
for further information. 


LEBANON STEEL m—A LEBANON, PA. 


ORIGINAL AMERICAN LICENSEE GEORGE FiSCHER(swiss CHAMOTTE) METHOD 


LEBANON (© 10 


ANALYSIS Carbon .30 Max. 


MINIMUM PHYSICAL PROPERTIES 


(Room Temperature) 


Tensile Strength, PSI 
Yield Point, PSI 


90000 

60000 
18% 
30% 


Brinell Hardness 175 
90% 


Elongation in 2” 


Reduction of Area 


Bend Test (when required) 


Chromium 4.00 to 6.50 


Molybdenum .40 to .65 


ALLOWABLE STRESS VALUES* 
(Castings for Pressure Piping) 

Temperature 
650° F 
700° F 
800° F 
900° F 
1000° F 
1100° F 


Oil, PSI Power, PSI 
12000 


12000 


15500 
15250 
14750 
12500 
7300 
2750 


* American Standards Association, 1942 


11800 
10000 
5850 


LEBANON Stainless and Special Alloy STEEL CASTINGS 
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RECTIFIERS 


Built to Meet Specific D-c Needs 


General Electric is the only designer-manufacturer 
of Selenium, Copper-Oxide and Tungar Rectifiers. 


This is important to all who design equipment 

















requiring rectifying units: it means G-E can give 
compietely impartial advice on which type of 
“rectifier will most efficiently, most effectively and 
most economically do the specific job you require 
of i And the stacks... whether Selenium or 
Copper-Oxide .. can be specification-built for that 
specific job. Address inquiries to Section A-144-42, 
Tungar and Metallic Rectifier Division, General 


Electric Company, Bridgeport, Connecticut. 


GENERAL ELECTRIC | 
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Overlay, precious metals, 
one side or both sides, 
any thickness. 


Base metal, steel, copper, 
nickel, etc. 


GENERAL PLATE 


—Ltemdntiled Wleueld 


(SHEET, WIRE AND TUBE) 


MEET DESIGN PROBLEMS AND 
IMPROVE PRODUCT PERFORMANCE 


Battle-proved in war equipment on scores of 


fighting fronts, General Plate Laminated 
Metals have earned a reputation for ruggedness 
and performance dependability under all kinds 
of operating conditions. 


If you are aiming at the future . . . designing 
and planning products for peace . . . General 
Plate Laminated Metals can meet many of 
your design problems. Made by permanently 


bonding gold, silver, platinum or other precious 
metals to inexpensive base metals, they give 
you precious metal performance at a fraction 
of the cost of solid precious metals. [n addition 
Lo economy, they meet many performance and 
operating requirements not obtainable by using 
solid precious or base metals. 

Regardless of whether your future plans are 
household products or for industrial equip- 
ment, it will pay you to investigate General 
Plate Laminated Metals. Our engineers are 
available for consultation. Write, specifying 
your problems. 


GENERAL PLATE DIVISION 


of Metals & Controls Corporation 


Metals and Controls Corporation Divisions manufacture the following products: Laminated & solid precious metals, 
electrical contacts —Solid and rolled plated precious metals in all forms— Truflex Thermostat Metals. 


ATTLEBORO, MASSACHUSETTS 
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* 
. . for Users of your Machines 
It’s far easier for your customers to keep production 


«on target » when 
your machines are equipped with built-in Veeder-Root Counters. Then 


they can see : - - at any minute of the day --- where each machine stands 


in relation to its schedule - - - whether 1t needs speeding UP or slowing 
down.: whether it’s getting close to its maintenance interval. 





In fact, many production men in waf plants today know that no war- 
production machine is à complete machine unless it can count. They value 
highly this extra utility « ** which helps them prevent delays, errors» 
and shortages. And it's 4 simple matter for you to give it to them. For 


Veeder-Root Devices are inexpensive - ** compactly designed to fit 





into any des i and they are made in scores of dif- 
ferent types» ically in any terms of units 
of perform o 
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Who said— 


Remote Control is a Problem? 


ESIGN problems that involve elec- 

trical remote control quickly fade 
when you take advantage of Automatic 
Electric’s experience. That’s because P 
electrical control has been Automatic's sole business for 
over fifty years. During that time, they have not only 
designed and manufactured relays, stepping switches, 
and a wide variety of other control apparatus—but 
have also gained the experience necessary to adapt these 
devices to countless needs. 


Next time you are faced with an electrical design prob- 


(ZZ 


AND OTHER CONTROL DEVICES 


AUTOMATIC 
ELECTRIC 


lem involving remote control, switching, 
selection, counting, signaling or quality 


control, try calling in the Automatic 
Electric field engineer. Helping cus- 
tomers whip such problems is his everyday job. 
In the meantime, be sure you have a copy of the new 
Automatic Electric catalog of "Relays and Other Control 
Apparatus." You'll find it the most complete guide to 
the selection and use of control devices ever published. 


We'll be glad to send a copy without charge. 


Distributed by 


AUTOMATIC ELECTRIC SALES CORPORATION 


1033 WEST VAN BUREN STREET, CHICAGO 7, ILLINOIS 
In Canada: Automatic Electric (Canada) Limited, Toronto 


PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED 
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DRIVING DUCK SOUP... 


173 PHILLIPS 299° 


Anyone can drive Phillips Screws! 
Today, screw driving is one pro- 
duction job anyone can tackle with- 


out any special talent or training. 
The job that once called for strong 
arms and skilled hands now is a 
cinch for the operator who never 
tackled a screw driving job before! 


It’s the Phillips Recessed Head 
Screw that does the trick! 
Phillips Screws, the greenest oper- 
ator quickly becomes as skillful as 
a veteran. No fumbling .. . no 
wobbly starts . . . no slant-driven 


MACHINE SCREWS 


With 


PHILLIPS 


screws or dangerous screw driver 
skids. 
jobs every time — and faster than 


Workers turn out flawless 


ever before. Time studies prove 
that Phillips Recessed Head Screws 
step up screw driving speed as much 
as 50 per cent! 


Imagine what this means to you in 
terms of man-and-training-hours 
saved ... of increased production 
.-. finer workmanship. Then match 
these important advantages against 
slotted head screws — or any other 


type you may be using. 


“ed SUREWS 


SCREWS STOVE BOLTS 

















They’re NEW! 


They may solve your problem 


Vycor brand Glassware has a combination of characteristics that has never 
before been available in a single material. That is why we say that you never 
missed it. But to those who are now using it, the inability to secure Vycor brand 
Glassware would impose severe material problems. 

This new quartz-like Glassware has already proved its worth to industry in a 
variety of applications. 96€; Silica Glass No. 790 stands up indefinitely at 900°C. 
It will withstand higher temperatures—up to 1200°C—for short periods. And 
what is equally important Vycor brand Glassware withstands extremely severe 
thermal shock. You can heat it to cherry red and then plunge it into ice water 
without breaking it. 

Along with this high resistance to heat and temperature changes goes a 
chemical stability that is unequalled by any commercially available glass 
composition. Highly resistant to corrosive chemical solutions (except HF), to 
mechanical abrasion and shock, here is a new material to meet tough conditions 
in plant and laboratory. 

This glass may be what you have been looking for to solve some of your 
parts problems. At right is a table of Vycor brand Glassware properties and a 
list of typical industrial items now available. If your requirements are not 
covered, write us and tell us what conditions you have to meet. Our engineers 
will be glad to advise how Vycor brand Glassware can be of help to you. Write 
for Bulletin 838. Industrial Division, Corning Glass Works, Corning, N. Y. 


PHYSICAL PROPERTIES 


Softening point approx. 1500°C 
Linear Coefficient of Expansion per °C 0.0000008 
Specific Gravity 2.18 
Refractive Index 1.458 
Tensile Strength 6,000-10,000 p.s.i. 
Compressive Strength Over 10,000 p.s.i. 
Negligible 
900°C 
Excellent for both visible 
and infra-red radiation 


Loss in Weight on Heating and Cooling 
Temperature limit in long time service 
Transparency 


RECENT AND SUGGESTED USES; 


High temperature gas sampling tubes. 

Thermocouple sheaths. 

Radiant heating element sheaths. 

Sight glasses for high temperature furnaces and chemical processing equipment. 
Pilot plant and small plant scale fusion and sintering operations. 

Reaction vessel tubes for high temperature synthesis. 

Low expansion reference rods in temperature control instruments. 
Mechanical seal rings for pumps and other rotating machinery. 


TYPICAL GLASSWARE 
NOW AVAILABLE 


Containers: Trays, Flasks, Beakers and Jars; Tusina; Cane or Rop; Fuat 
Grass: Panels, Roundels, Sheet Glass and Squares; CYLINDERS. 


ITEMS 


“VYCOR” is a registered trade-mark and indicates manufacture by Corning Glass Works, Corning, N. Y, 


B : 
JORNING E 
ZEE FEM 

| Corning, New York 


cor In 


BRAND 


ustrial Glassware 
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VARIABLE SPEED MOTOR DRIVE 
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TRANSFORMER 


@ Wide, Stepless Speed Range 
@ Automatic Speed Regulation 
@ Smooth, Fast Acceleration 

@ Automatic Current Limitation 


Once speed is set, MOT-O-TROL, the new Westinghouse motor 

control, maintains pre-set motor speeds under all loads and makes 

= possible new, wide-range stepless selection of motor speeds. 

Mian ol | ters nem With the precision of electronics and finger-tip control, 

sea STATION MOT-O-TROL operates d-c motors from an alternating-current 

‘ source. It is a marked improvement over conventional d-c motor 
ace E drives, even where d-c is available. 


w fiA All drive speeds are controlled by one dial. MOT-O-TROL 
1 E equipped machines have only one rotating element : : : the driving 
motor. Vibration problems are minimized, acceleration is smooth, 
starting shock and current peaks are reduced. Other available 
MOT-O-TROL functions include: dynamic braking, reversing, 
inching forward, inching reverse. 


Send for booklet B-3256 or call your Westinghouse Office for com- 


plete information. Westinghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 
J-21284 


Westinghouse @ 


j PLANTS IN 25 CITIES. OFFICES EVERYWHERE 
ELEGIRONICS ATEWORK 


KA MOTOR CONTROL 
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. . When screws painted-in, rusted-in, or ''frozen-in" have to be removed, saved, and used 
again ... here is a tool that eliminates this serious problem of field maintenance. This rugged 
Center Pivot hand driver, as used with CLUTCH HEAD Screws, is the answer. Note its structure; 
its careful engineering to make a deep dead-center entry to engage the straight walls of the 
Clutch with a powerful torque that breaks the ''freeze" of any screw for straight, easy, and 
undamaged withdrawal. More than that, this simple tool saves the screw for re-use 
because the withdrawal action automatically unites the screw and driver as a unit . . . to pre- 
vent trouble and possible danger arising from dropped and lost screws. In addition to speeding 
and simplifying normal field adjustments, this positive Lock-On feature frequently saves 

disassembling surrounding units by furnishing dead-sure access 
to and from these otherwise impossible or hard-to-get-at spots. 


For closer personal understanding of this and other ex- 
clusive CLUTCH HEAD features, may we send you an 
assortment of screws and a sample Center Pivot Bit... 
along with illustrated Brochure on CLUTCH HEAD Screws? 


UNITED SCREW AND BOLT CORPORATION 
CHICAGO CLEVELAND NEW YORK 
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A COMPLETE 
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Precise, positive control with ADEL's *ISOdraulic 
Control Systems thru immediate obedience of the mom 
"slave" (remote) valves to the operators fingertipin- AATTEET LONN paent A 
structions to the "master" (control) valves, irrespective det ID pet 
of vibration, system pressure fluctuations and temper- us iler 
ature(-67 F. to «200' F.) € Booklet contains complete i 
engineering data, material specifications, performance COU PON 










curves, detailed drawings of each unit plus graphic 
production illustrations of applications of *ISOdraulic Please send free booklet on *ISOdraulic Controls to 
Controls in aircraft, railroad, marine, test stand Sacs Title 
and other installations. . . Send for your copy today. 
pue Firn 









City State 


Zone 






PRECISION PRODUCTS CORP. 


BURBANK, CALIFORNIA - HUNTINGTON, WEST VIRGINIA 
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production t 


i 
Bettmann Archive w i 
rd 


JiırustraTED is the workshop of a maker 
of scientific instruments, spectacles, tele- 
scopes, etc., taken from an engraving 
published in 1810 in the Panorama of 
Professions. Note that the motive power 
was by hand or foot, while much of the 
actual work was done by hand. Com- 
pared by the standards of today, there 
just was no such thing as production. 
Perhaps the greatest single improvement 


over the old methods was the advance- 
ment in the use of air and hydraulics... 
the application of air or hydraulic pres- 
sure for the operation of chucks, work 
holding and ejecting devices, assembly- 
ing presses and many other labor saving 
devices. Let "Logan" Engineers make 
recommendations on modernizing your 
plant with the application of "Logan" 
Air and Hydraulic Equipment. 
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*Pyra 
lreatir 


Whaltot 


E are in an excellent position 
to provide you with hermeti- 
cally-sealed capacitors for wartime ap- 
plications. Our extensive engineering, 
research, and manufacturing facilities 

| are at your service. 


In some cases there will be no need 
to look further than our standard line 
of Pyranol* capacitors for built-in 
applications. 


The line includes more than 350 
ratings in space-saving shapes and 


sizes. Many of the ratings are avail- 
able in three shapes—oval, cylindrical, 
rectangular—to make your design 
problems easier. And they can be 
mounted in any position. 


BE SURE TO GET your copies of our 
time-saving catalogs on d-c (GEA-2621A) 
and a-c (GEA-2027B) types. Ask your G-E 
representative for them by number, or 
write to General Electric, Schenectady, 
New York. 


*Pyranol is the G-E trade mark for capacitors and for askarel, the synthetic, noninflammable liquid used in 


treating G-E capacitors. 


BUY WAR BONDS 


GENERAL (£j) ELECTRIC 
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your specifications, 


likely to have the answer 


PYRANOL 
CAPACITORS 





THEY PITCH pro 


and RUN locks 


It may be the tough spring that helps “feather” the variable- 


pitch propellor, or a simple spring that operates a door lock— 


the requirement is that it work when called on—unfailingly. 
Among other things, war teaches the folly of hit-or-miss methods. 


Springs can be designed to serve a definite purpose, indefinitely. 
No matter how simple or involved a mechanism may be, it 


deserves the best spring possible in material, design and 


manufacture. 


P P 
I A - pranga 
ENGINEERED PEP AND ZPOWER 


WALLACE BARNES COMPANY 


DIVISION OF THE ASSOCIATED SPRING CORPORATION 
BRISTOL, CONNECTICUT 
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Formula for 
a quick 
“Finish” 

Buy more 


WAR 


BONDS 


MAAS & WALDSTEIN COMPANY, NEWARK, N. J. 


PRODUCERS OF LACQUERS, ENAMELS, SYNTHETICS AND SPECIALTY FINISHES FOR ALL PURPOSES 
BRANCH OFFICES & WAREHOUSES: 1658 CARROLL AVE., CHICAGO, ILL. « 1228 W. PICO BLVD., LOS ANGELES, CALIF. 





EVENTING- 


BRAKE 
FAILURE 
AT 20,000 FEET 


Mueblbausen Springs are 
used by tbe majority of 
prominent brake manu- 
facturers — for aircraft, 
automotive and industrial 
applications. 


Leading product designers 
in every industry are con- 
sulting Mueblbausen En- 
gineers to secure springs 
of lasting efficiency. 





agas UP de 
à mms 


| ~Pevents Total Fere Here! 


* Offhand, you wouldn't think that a fighting plane could have brake failure at 
20,000 feet. But, if brake control springs are improperly designed, brakes can lock 
during certain maneuvers at high altitudes— with disastrous results on landing. 


Violent changes in temperature and sudden variations in atmospheric pressure have 
an effect on aircraft working parts, and must be considered by the spring designer. 
For, in a few minutes’ time, these parts can be subjected to extreme variations— from 
tropical heat of 120° to the paralyzing cold of 70° below—from pressure at sea level 

to the rarefied atmospheres of ceiling heights. 


In designing springs for aircraft applications, 
Muehlhausen research has successfully solved 
these problems. And for this reason alone, 
one prominent plane manufacturer* now 
specifies ONLY Muehlhausen Springs for the 
brake controls on its combat planes. 


MUEHLHAUSEN SPRING CORPORATION 
Division of Standard Steel Spring Company 
810 Michigan Avenue, Logansport, Indiana 


Hh. EVERY TYPE AN D Siz | * name on request 
SM 
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Make all the brown 
print negatives, blue 
or blackline prints 
you need from the 
PHOTACT. They'll be 
clearer, more legible. 


The new way to greater legibility in negatives 
and prints—that safeguards costly originals 





You can seldom get really satisfactory resuls ^ PHOTACT Papers and Cloths are distinct and 
on ordinary reproduction materials from a different from any other reproduction material 
pencil original, even when it is new. When it in general drafting room use. PHOTACT emul- 
has been handled, smeared and blurred, the sion reproduces pencil drawings with opaque 
negatives and prints are cloudier still. An extra lines of uniform ink-intensity. They won’t 








k tracing drawn in ink is too costly. smudge. Of course, they'll last far longer than 

ú PHOTACT is your answer. PHOTACT Zines a pencil origins. 

r. are ink-intense. It takes only a few minutes to For complete information about PHOTACT, write: 

2 make a tracing paper or cloth PHOTACT from PHOTACT DEPT. KEUFFEL & 

= your pencil original. ESSER CO., Third & Adams Sts., 
Hoboken, N. J. 

» Make all your brownprint negatives and blue 


or blackline prints from your PHOTACT. 
They'll be far stronger and more legible than MUI 

any made direct from even a brand new pencil KEUFFEL & ESSER CO. 
original. NEW YORK - HOBOKEN, N. J. 


CHICAGO . ST. LOUIS - SAN FRANCISCO - LOS ANGELES 


As for your valuable pencil original—file it Mess vo ERR e A 


away. Keep it safe from wear and dirt. 
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ec Our Pici libe Ecc, « n known principii om 
-the solution of specific problems. The result may be a production- 3 
line miracle—but it isnt magic. t 


Research skill and experience, backed by the pedi Pan § 
AUTOMATIC PROCESS CONTROL ties of one of the largest organizations specializing in Electronics, | 


This new development by the research laboratories of and coupled with expert service at all times, are what we have to 
General Electronics Industries provides automatic control offer. Nothing awesome, mind you, but practiccl, scientific know- 
of chemical processes and also of production machinery, how and sound business practice that get results. 

by means of printed charts which may be replaced or in- m Á 
a as readily as phonograph records, If this sane, “feet-on-the-ground” service is the kind of help you 


v— — n9! € 9" want on your postwar production planning, why not write: Engi- 


ELECTRONIC CONTROLS + VACUUM TUBES neering Department, General Electronics Industries, 342 West Put- 
HYDRAULIC SERVOS + COMMERCIAL RADIO EQUIPMENT : icut 
ELECTROSTATIC HEATING UNITS UP TO 250 KW. nam Avenue, Greenwich, Connecticut. 


ELECTROMECHANICAL DEVICES 


ARMY-NAVY "E" WITH 
STAR awarded to Auto- 
Ordnance Corporation for 
continued excellence in pro- 
duction of “Tommy” Guns. 


INDUSTRIES 


Division of Auto-Ordnance Corporation 


GREENWICH STAMFORD ° BRIDGEPORT . NEW MILFORD . NEW YORK 
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“Old Timer” teach- 
ing a new “Mechan- 
ette” the fine points 
of tubular landing 
gear. 


HE Lightning is a “hot” ship. It’s 
heavier than most fighters and 


lands fast. Naturally, it needs a land- 


ing gear that can take any punch-on- 
the-nose encountered on rough front- 
line fields. 

To get the greatest strength with 
the least weight, seamless alloy steel 
tubing is used extensively. No other 
frm of construction has a higher 
strength-weight ratio. 


b 


How to 


take a 
punch on 


the nose 


For this type of service and in other 
parts of aircraft construction, SHELBY 
Aircraft Tubing has proved highly 
advantageous. First, the steel is made 
to exacting government specifications. 
Second, the seamless process of pierc- 
ing a solid billet of steel assures a tube 
of equal integrity throughout every 
inch of its length. Third, a most rigid 
inspection of every part of every fin- 
ished tube provides a double check on 


SHELBY SEAMLESS AIR- 
CRAFT TUBING - This slim 
and light engine mount 
is made of chrome-moly 
tubing and forgings and 
supports one of the two 
powerful engines which 
give the Lockheed P-38 
its flashing power and 
high performance. 


the final workmanship for so vital a 
service. 

All sizes and shapes in the current 
range of alloys are available in SHELBY 
Tubing. If you do not have a copy of 
our book on aircraft tubing giving 
complete specifications, write today. 


URGENT—MORE SCRAP NEEDED 


Winter always cuts down the flow of scrap, 
but the demand for steel is greater than ever. 
Keep your scrap moving. 


NATIONAL TUBE COMPANY 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 


PITTSBURGH, PA. 


United States Steel Export Company, New York 
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There’s still a big job 
for all of us to do 


— MATTERS NOW except the swift and certain 
winning of the war. 

Through the prodigious production accomplish- 
ments of American industry, our men and our Allies 
have been able to swing the initiative in fighting 
to our side. 

To keep it...to continue a steady march on the 
bloody road to victory... we've got to give our 
men in the thick of the fight everything they'll need. 
And give it to them faster and faster! 

For you and for us there's still a big job to be done. 
The history of the amazing production performance 
of American industry is still to be written. 

Every single man-hour, every bit of brain power, 


every ounce of industrial energy expended for any 


purpose other than victory will damage the war effort. 

The entire production of Hyatt Roller Bearings 
now goes into planes our men fly...into tanks 
they drive...into ships they sail...into guns they 
man...into equipment they need to win. 

In the midst of pouring out a tremendous stream 
of bearings for this vital war use, we pause to again 
thank industry for its grand cooperation and under- 
standing, and for helping us meet war's demands for 
super-precision production on a mass scale. 

As soon as the war's won, and this job is done, 
Industry and Hyatt will have another big job to do 
together...when we can work in Peace. 

Hyatt Bearings Division, General Motors Corpora- 


tion, Harrison, N. J. 


; GENERAL MOTORS 
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NC ae ^ Transparency, too, is put to work in 
a - . ui $ . 
V Km these electrician's pliers — made for 


line testing, fuse pulling and the safe- 


handling of innumerable live-wire jobs. 
The art of the molder and the versatility of 
Lumarith* (cellulose acetate base) plastics combine 
to create an improved product — lightweight, very 
tough and very practical. The husky utility man 
can bear down heavily; these pliers can take the. 
pressure of his grip without breaking because 
Lumarith has unusual flexural strength. 
If the subject has not come up recently in your 
plant, you may be surprised to learn that the great 
toughness and impact strength of Lumarith is re- 
placing old line plastics whose brittleness has been 
a drawback. Great advances have been made in 
molding techniques effecting accuracy and im- 
pact strength. As in the case of the Signal 
Corps flashlight and the Army gas mask, 
parts can be madeinterchangeable with 
one another or with metal units. 


*F g. U. S. Pat. Ofi. 
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If you havea conversion problem, we can help 

you very directly by putting you in touch with 
availablemolders and byadvisingon formulation 

and molding procedure. Celanese Celluloid 
Corporation, The First Name in Plastics, a 
division of Celanese Corporation of America, 
180 Madison Avenue, New York City 16. 
Representatives: Dayton, Philadelphia, Cleve- 
land, Chicago, St. Louis, Detroit, Los Angeles, 
Washington, D. C., Leominster, Montreal, 


Toronto, Ottawa. 





This Aircraft Relay 
Is a Military Secret 


I» a omm. 
A 


In wartime, we can’t mention names or tell the 
story in full. But the facts are not without sig- 
nificance, even with many details omitted. 


One of the first types of aircraft relay to be 
accepted for military use was equipped with 
Mallory contacts. As planes improved, and greater 
performance was demanded, the relay needed 
further development. The manufacturer needed 
a better material—and, being pressed for de- 
livery, he needed it fast. 


Thanks to Mallory engineering research, it was 
possible to recommend a new material manu- 
factured by an entirely new metallurgical process 


—Elkonite* G-12. When this was backed with 
Mallory 3 Metal, the improved specifications 
were met. Production was started without a 
moment’s delay because previous development 


had paved the way. 


Like the relay manufacturer of this story, many 
design engineers prefer to consult Mallory first 
—often while plans are still on the drawing 
board. They’ve bene that Mallory engineering 
saves time and money: that it frequently antici- 
pates tomorrow's trends. Why not bring your 
next problem to these same engineers who, for 
over a period of twenty years, have earned for 
Mallory the name of ae — 


For Liberty and Justice for 
All—Buy More War Bonds! 


E ave P.R. MALLORY & CO. Inc. d lt 
AL 1 ñ ORT; 


ELECTRICAL CONTACTS AND CONTACT ASSEMBLIES 


a 


NON FERROUS ALLOYS, POWDERED METAL PARTS | 
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SERIES EXPLAINING THE USES OF ELECTRONIC TUBES IN INDUSTRY 


This electronic fuse inspector helps to make 
hand grenades safe for Johnny Doughboy. 


A G-E X-ray tube (1), a G-E phototube (2), 


a G-E thyratron tube (3), and several G-E 
amplifier tubes are the “eyes and brains” 


To safeguard our fighting men, hand 
grenades must be flawless — every fuse 
must be timed to split-second accuracy. 

From the engineering laboratory of 
General Electric has come an automatic 
X-ray inspector—the first of its kind— 
which checks time fuses at the incred- 
ible rate of 4000 an hour . . . with the 
unerring accuracy no other inspection 
method can even approach. 


6. E. HAS MADE MORE BASIC ELECTRONIC TUBE 
DEVELOPMENTS THAN ANY OTHER MANUFACTURER 
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of this ingenious machine. 


A movable belt carries the fuses 
through the penetrating beam of a 
100,000-volt G-E X-ray tube which casts 
its glow on a fluorescent screen. A G-E 


phototube, or “electric eye,” inspects the 


glow. If constant, verdict is “O.K.” If 
intensity changes, powder charge is in- 
adequate for proper timing. Instanta- 
neously, a four-way alarm is given... 
a bell rings; a red light flashes; the 


imperfect fuse gets a dab of red paint; 
a photoelectric meter chart records 


the “dud.” 
It is the purpose of G-E electronic tube 


engineers to aid any manufacturer of 
electronic devices in the application of 


tubes. Through its nation-wide distribu- 
tion system, G. E. is also ues to 


supply users of electronic devices with 
replacement tubes. 


FREE BOOKLET ON ELECTRONIC TUBES 


Send us the names of interested men in your 
plant. We will mail them, without charge, an 
illustrated, easily understood book on “How 
Electronic Tubes Work.” Address Electronics 
Department, General Electric, Schenectady, N.Y. 


© Tune in “The World Today” and hear the 
news direct from the men who see it happen, 
every evening except Sunday at 6:45 E.W.T. 
over CBS. On Sunday listen to the G-E “All 
Girl Orchestra” at 10 P.M. E.W.T. over NBC. 


GENERAL (9 ELECTRIC 


162-C-1-8856 
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eee years ago the Athenia Steel 
Company was organized by a few 
Swedish craftsmen confident of the 
fact that their unmatched skill with 
special steels would be welcomed by 
American manufacturers. The years 
have been kind and our company 
has grown directly as our ability to 
manufacture steel for special pur- 
poses became known to the industry. 


In a way—our business is trouble. 
Customers coming to us for the first 
time usually had a problem not read- 
ily solved through the use of steels 
produced in volume. Naturally we 
soon learned that a man in trouble 
needs considerate service and tech- 
nical help—in addition to results... 
and invariably he needs it now. So, 
it isn’t surprising that our organiza- 
tion long ago developed a particular 
faculty for putting itself in the cus- 
tomer’s shoes. Doing just that is an old 
Swedish custom. Almost always the 
customer simply stayed with us from 
then on. In all the years we’ve been in 


America’s been kind... 


to an old Swedish custom 


business we honestly don't know ofa 
single dissatisfied Athenia customer. 


Since its inception Athenia has been 
noted for producing high-carbon steel, 
60 carbon or over, for such special 
applications as clock springs, piston 
rings, saws, tapelines, umbrella ribs 
and corset stays. Stock is furnished in 
widths of Me" to 61^", thicknesses 
of .0015" to .062", and is available 
annealed, hard-rolled, tempered, 
or tempered polished and colored. 


Today, and until this country is rid 
of its eneniiés, our painstaking meth- 
od of making fine steel in controll- 
able batches is devoted entirely to 
the war effort. If your business is 
presently in that category we would 
appreciate an opportunity to bring 
the Athenia method of doing business 
to whatever specialty steel problem 
the war has brought you. Now... 
and through the years after peace has 
come... you'll be glad ... and we 
know we will. 


ATHENIA 
STEEL 


Company 


Divisions of National-Standard Company 


ATHENIA STEEL 
Clifton, N. J. 


NATIONAL- STANDARD 
Niles, Mich. 
TIRE WIRE, FABRICATED 
BRAIDS AND TAPE 


WAGNER LITHO MACHINERY 
Hoboken, N. J. 
LITHOGRAPHING AND SPECIAL 
MACHINERY 


WORCESTER WIRE WORKS 
Worcester, Mass. 


FLAT HIGH CARBON STEEL ROUND STEEL WIRE, SMALL SIZES 
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lesigning Molded Plastics Parts: i55: 


+ 


From the engineering files of One Plastics Avenue 


To incorporate inserts in molded plastics parts the following general 
factors should be considered: 5 


ROD AND WIRE INSERTS |. Use of delicate inserts should be avoided for compression type 
molds. 
Th 7 fi rb i i p 
din “ak sien meee ze 2. Simple shaped inserts, preferably round, are more easily cleaned 
inserts whose imbedded length after molding. 
is twice their diameter, although ). Minimum thickness of plastics material recommended around 
size of insert, type of mold, insert: 
compound and support will per- 3/42 in. for !4 in. insert 
mit greater slenderness ratio. V4 in. for !4 in. insert 
(1) Design with double shoul- 14 in. for inserts over !4 in. 
der provides best compound seal, i à 
addon rena in saline a 4. Inserts should be placed at right angles to parting lines. 


exposed diameter is extremely 5. For good anchorage, knurl, punch or groove inserts. 
small. (2) Single shoulder pro- i 1 
vides reasonably adequate com- 6. Where heavy service loads are encountered insert should carry 


pound seal. (3) Lacking shoulder the stress. 


for compound seal, this design 7. Where inserts are used as electrical contacts, provide sufficient 


necessitates added finishing oper- clearance at points of arcing to avoid burning the surface of the 
ation, increases part cost. plastic material. 


THREADED INSERTS 


Threaded female inserts should 
be proportioned to provide suit- 
able anchorage in compound, 
strength to resist crushing in 
molding and sufficient length of 
thread. Illustration shows well- 
designed female insert with shoul- 
der which provides compcund 
seal, countersink at start of 
thread, undercut at bottom for 
tap relief and coarse knurl. 


o6 


SPUN-OVER INSERTS TYPICAL APPLICATION Typical of molded parts incorpo- 
rating inserts is this electrical switch section which has five 


This type is used to provide a separate inserts including eacn of the major types—rod, threaded 
permanent assembly of contact and stamped. 


strips, washers, etc. to the molded 


part. Except for tubular projec- ADDITIONAL FACTS General Electric has 16 standard 
tion this type of insert should 


incorporate the same principles female brass inserts. Inserts of G-E mycalex, porce- 

of design as threaded inserts. lain, woven wire mesh, laminated phenolic material, 

Illustration shows insert as mold- woven glass, etc., can be molded in plastics parts. The 

ed and after assembly. services of G.E.’s Plastics Divisions product engineers 
are available for advice on your design problem. 


ONE PLASTICS AVENUE at Pittsfield, Massachusetts, is 
the headquarters for five plants of the Plastics Divisions 
of General Electric Company. It signifies the location 
STAMPED OR PUNCHED INSERTS of complete plastics facilities for development, material 


Close tolerances are required at manufacture, designing, engineering, moldmaking, 
dimensions where inserts fit molds. molding and iaminating. 
Through-holes in imbedded por- 


tions provide additional anchor- REPRINTS of this advertisement may be obtained by 
age. writing Section D-212, General Electric Plastics Divi- 
sions, 1 Plastics Avenue, Pittsfield, Mass. 


Hear the General Electric radio programs: ''The G-E All Girl Orchestra" Sundav 10 
P.M.—E.W.T. NBC. **The World Today’’ news every weekday 6:45 P.M.—E.W.T. CBS. 


**192 000 employees of the General Electric Company are on their jobs producing more 
goods and buying over a million dollars of War Bonds every week to hasten victory.” 


Ac 0. 93. 


GENERAL 





@A basic principle, scientifically 
correct, and sound engineering de- 
sign are complemented in the 
Link-Belt bearing plant, by pre- 
cision manufacture. These views, 
taken at various stages in the man- 
ufacture, assembly and inspection 
of Link-Belt Friction Fighter 
bearings, merely suggest the 
completeness of facilities and the 
meticulous attention to quality, 
controlling every phase of their 
production — good reasons why 
Link-Belt Friction Fighter bear- 
ings are giving outstanding serv- 
ice throughout industry. Link-Belt 
Company, Indianapolis 6, Chicago 
9, Atlanta, Philadelphia 40, Minne- 
apolis 5, Dallas 1, San Francisco 
24, Toronto 8. Office, warehouses, 
and distributors in principal cities. 


TL 2 
TLII. 
LA | 


FRICTION FIGHTER 


BEARINGS 


Roller and Ball Types 
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REQUIRED: 


A resilient material 


for use between metal 


channels and glass or 


plastic panes. It must 


act as both seal and 


cushioning agent. It 


must beeasy toinstall. 


HERE’S THE SOLUTION: 


Several cork-and-rubber  mate- 

rials, developed by Armstrong, 
meet all the requirements of this 
| problem. 
These Armstrong Compositions 
| are permanently resilient, assuring 
tight, lasting seals. They have a 
f high cushioning value, protecting 
panes against crazing or cracking 
in applications where vibration is 
a factor. They also take up the dif- 
ferential in expansion between the 
metal and the plastic or glass. 

Channel strips made of these 
materials are long-lived. They re- 
sist deterioration by liquids, sun- 
light, and weather. Their cork con- 
tent makes them truly compres- 
sible . . . aiding quick, snug fit of 
panes in channels. A factory-ap- 
plied adhesive (protected by hol- 


land cloth) holds the tape in posi- 
tion during installation . . . thus 
speeding assembly. 
ARMSTRONG'S SEALING SERVICE 

If you would like a sample of 
the proper Armstrong Composition 
for your channel application—or 
for any other sealing job—send 
complete specifications to Arm- 
strong Cork Company. 

Armstrong’s engineers have sup- 


plied the right seals for hundreds 


of types of equipment. They have 
developed more than fifty special- 
ized sealing materials. These ma- 
terials are available as sheet and 
roll goods, die-cut gaskets, ribbon, 
tapes, molded shapes, and extruded 
rings. Write for your free copy of 
the descriptive booklet, “Arm- 
strong’s Gaskets, Packings, and 
Seals.” Address Armstrong Cork 
Company, Industrial Division, 7101 


Arch St., Lancaster, Pennsylvania. 


ARMSTRONG’S 


GASKETS - 


SEALS : 


PACKINGS 


Synthetic Rubbers © Cork-and-Synthetic-Rubber Compositions * 


Cork Compositions  * 
Fiber Sheet Packings  * 


Cork-and-Rubber Compositions 
Rag Felt Papers  * 


Natural Cork 


*FORMERL Y ‘*CORPRENE”? 
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Our DRIVE starts 


Size "0" 

ACROSS-THE-LINE TYPE (L.L.); 
silver-plated contacts, with knife action. 
Full-floating, self-aligning movable con- 
tacts. Spring-reinforced, thermal over- 
load protection by bimetallic action. 


Manually-operated trip-free mechanism: 


positive, smooth action; Bakelite base. 


60 


a 


THERMAL SWITCHES 


Like the strategist in the field, the PRODUCTION strategist 

plans for sustained operation under pressure. The designer 

knows your production-drive starts at the MOTOR drive of the 

individual machine. And this — for utter dependability — starts with 

an ARROW-H & H Switch. Specify these "Load Limit" Thermal Switches 

for overload protection for polyphase motors up to 2 H.P., 440 V., A.C. or 1% H.P., 230V., D.C. 

For single-phase motors to 1% H.P., same voltages. Interchangeable heaters provide 28 different ratings 
without special fusing. Ask for Catalog 9M, with engineering recommendations for special control problems. 


INDUSTRIAL CONTROL DIVISION 
ARROW-HART & HEGEMAN ELECTRIC COMPANY, HARTFORD, CONN., U. S. A 
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Army-Navy "E” 
First Awarded July 27, 1942 
Second Award: "Star" February 


13, 1943 


Third Award: "Star" September 


25, 1943 


1 
EN 








‘O° course we can make it,” 


A*B- 


AND SAVED THE CUSTOMER LOTS OF MOWEV 


we told 

a customer after studying his latest 
blueprint of a coil form, “but we can 
save you a lot of money and give you 
more satisfactory service if you follow 
the suggestions of our Engineering staff. 
The boys recommend making the piece 
in two parts. They can be pressed quick- 
ly at a high production rate 
and assembled into a coil 
form of practically the same 
design as you brought us.” 
Above are illustrated the 
parts which we finally 
shipped to the customer. 


Simple as A, B, C, isn't it? 


C 


But it demonstrates that it is well worth- 
while to consider the services of Ameri- 
can Lava when designing Steatite Ce- 
ramic Insulators. Perhaps we can make 
recommendations that will be of real 
benefit to you. 


TRAST BARE HRESISTERES Vw, 8, CaTENT OFFICE 


STEATITE CERAMIC ELECTRICAL INSULATIO 
FOR ELECTRONIC USES 


AMERICAN LAVA SY 


CHATTANOOGA TENNESSE 


They wanted wire, tube 
and sheet in 


jit 


... and found the strong, corrosion- 
resistant metals they sought 
among the INco Nickel Alloys 


Are you looking for metals in ultra-fine sizes for es- 
sential applications today...or for your new products 
after the war? 

Do you want...in addition to the split-hair size 
...metals with strength, toughness and high resis- 
tance to corrosion? 

Then take a look at these examples of how INCO 
Nickel Alloys can be produced in practically any 
form or size you may want for applications that need 
a rustless corrosion-resisting material with high me- 
chanical properties... 


THE WIRE shown in the magnified photo above 
knotted around two strands of human hair is 0.0009” 
thick. A pound would stretch 80 miles. It is a regular 
commercial product of the Driver-Harris Co. 

THE TUBING, smallest ever drawn, is compared 
with a mosquito’s stinger. Outside diameter of this 
nickel tube is 0.0019"; inside diameter, 0.0004”. 
Superior Tube Company produces commercial tub- 
ing in INCO Nickel Alloys as small as 0.010", outside 
diameter. 


THE STRIP is .00075" thick . . . one-third the 
thickness of this page. It would take more than 1300 
strips to equal an inch. This nickel strip is made by 
Somers Brass Corfpany for regular commercial use. 


In addition to their group properties of high strength, 
toughness and corrosion resistance, individual INCO 
Nickel Alloys have specialized properties for appli- 
cations requiring high-temperature strength, special 
hardness, resilience, etc. 

"Tremendous Trifles" a booklet which discusses 
the properties, sizes and forms of 8 INCO Nickel 
Alloys will be sent to you on request. Please give 
Company, Name and Title. Address: 


THE INTERNATIONAL NICKEL COMPANY INC. 
67 Wall Street, New York 5, N. Y. 


INCO NICKEL ALLOYS 


MONEL * *K" MONEL * *S" MONEL * *R" MONEL 
“KR” MONEL * INCONEL * *Z" NICKEL * NICKEL 
Sheet... Strip... Rod ... Tubing ... Wire... Castings 


NICKEL ALLOY WIRE ——> | 


MOSQUITO'S 
STINGER 


EDGE VIEW OF A PAGE 
FROM THIS MAGAZINE 


uires 


EDGE VIEW OF 0.00075-INCH 
NICKEL STRIP 


MAGNIFIED APPROX. 25 TIMES 
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WINNER---SNAPLOCK 


Aa 


It takes thousands of limit switches to equip the 
automatic machines made by National Acme. 

The best switch available on the market, when 
put through a “wear-out” test, began to show signs 
of old age after 200,000 makes and breaks. 


That wasn’t good enough, so we decided to 


build our own switch—the Snap-Lock. On the 
same test, Snap-Lock was still going strong, with- 
out a sign of wear, after 16,000,000 cycles of 
operation! The odds are 80 to 1 in favor of 
Snap-Lock. 


THE SNAP-LOCK PRINCIPLE 
provides a safety factor so great that switch failures 


have yet to be heard of—even in 7-day, 24-hour 
production schedules. 


UM Jo ML. 


* 
2e 


CORE-BONDING _ af ^ GUIDE PLATES 
LAMINATIONS $ iS M 


NON-MAGNETIC 


Separate enclosures 
for mechanical and 
electrical sides.Single- 
pole, double - break, 
double - throw. Case 
resists oil, dust and 
moisture. Positive 
locking—no half-on 
or half-off is possible. 


BAKELITE 

SPOOL ENDS 
cu F' USH RIVETED 

OUTSIDE 


RMATURE 
) PLY 


VARNISH 
CAMBRIC 
AND 
| HEAVY FULLY 
IMPREGNATED 
a 


HAND WOUND 
COPPER COIL 


CENTRALLY 
TED AIR GAP 


STELLITE WELDED 
AT POINT OF 
IMPACT 


Snap-Lock's proved quality and stamina have 
made this switch standard equipment with four out 
of five of the builders of heavy-duty precision 
machines. 


HIGH GRADE 
— IRON 
LAMINATIONS 


I n 
NAMCO STELLITE WELD SOLENOIDS 


We designed and built these Solenoids for our own use 
to last the full life of the machines they equip. 
The patented “Stellite” Weld—plus many extra 

quality features—give them long, dependable service 

under the toughest conditions. 
Bulletin EM -41 gives complete information. 


Bulletin EM -42 will show you the wide range of 
conditions Snap-Lock is prepared to meet. 
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INSULATORS omor 


Engineered with the proper material » 
for your particular application 


i € POST ©TUBULAR—SINGLE OR MULTIPLE HOLE LING UILEVPOIRS | 
ecu. * LEAD-IN € SPACER ER omen e 
MEGA. ANTENNA — eELECTRONIC TUBE 
| E © SPREADER €ENTRANCE 
i e COIL FORM  @ SPECIAL 


| achievement 
1 


Buy War Bonds 


|. | STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.. 
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William Lescaze, architect, is credited with the first 
modern skyscraper (for the Philadelphia Savings Fund 
Society), and the first use of glass brick in a facade. 
Outstanding examples of his work include Columbia 
Broadcasting’s Hollywood Studios, the Ansonia (Conn. ) 
High School, and Longfellow Bldg., Washington, D. C. 


FROM A PILOT SEAT... AND RUBBER-LIKE 
SAFLEX... SOLID COMFORT, MASS PRODUCED? 


STRONG, lightweight pilot seats of plas- 
tics-bonded plywood now in quantity 
production for the U.S. Air Forces were 
the principal inspiration for this interest- 
ing suggestion for 194X by well-known, 
New York Architect William Lescaze. 

Wartime success, however, in convert- 
ing Monsanto’s Saflex from its original 
function as a tough, resilient interlayer 
for safety glass into what amounts to a 
new and promising synthetic rubber, 


also interested Mr. Lescaze and led him 
to include Saflex in his "specifications". 


Making use of war-stimulated bag- 
molding techniques, the chair Mr. Lescaze 
visualizes would be quickly and easily 
formed on inexpensive molds with little 
or no waste of material. It would be 
upholstered with a resilient, sponge-like 
Saflex and covered with a waterproof, 
washable, Saflex-coated fabric. 


The sketches below illustrate details. 


Wood plys, coated with a Resi- 
nox phenolic bonding resin, would 
be laid up on simple, inexpensive 
wood molds, tacked in place, 


&- 


Molds would be covered with 
rubber bag and air evacuated 
to form snug fit. Entire assembly 
then goes into pressure chamber, 


Removed from mold, chair is one 
tough, resilient, monolithic piece. 

ge-Saflex cushion would be 
dippedon frame like an envelope. 


Om ee ee ee e 


The Broad 
and Versatile Family 
of Monsanto Plastics 


(Trade names designate Monsanto’s 
exclusive formulations of these 
basic plastic materials) 


LUSTRON (polystyrene) * SAFLEX 
(vinyl acetal) * NITRON (cellulose 
nitate) + FIBESTOS (cellulose ace- 
late): OPALON (cast phenolic resin) 
RESINOX (phenolic compounds) 


Sheets » Rods + Tubes +» Molding 
Compounds + Castings « Vuepak Rigid 
Transparent Packaging Materials 


FACTS TO HELP YOU SHAPE THE FUTURE 


No one can say today with certainty that a chair such as 
Mt. Lescaze has suggested will ever be produced. It ¿s cer- 
tain, however, that wartime advances in plastics materials 
and techniques wil exert a strong influence over the shape 
of many things to come. That is why it will pay you to 
add “The Family of Monsanto Plastics, A Guide for Prod- 
uct Designers,” to your postwar file now. Its 24 pages are 
packed with facts on one of the largest and most versatile 
groups of plastics produced by any one manufacturer 
Simply write: MONSANTO CHEMICAL COMPANY, Plastics 
Division, Springfield, Massachusetts. 


MONSANTO 
PLASTICS 


SERVING INDUSTRY...WHICH SERVES MANKIND 
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When she drops her nickel in the juke box, 
she never thinks about the motor that turns 
the table or changes the records. All she 
wants is her money's worth, in music. 

How dependably she gets it rests largely 
on the small motors that furnish the power. 
If they're “Smooth Power’’, neither she nor 


the maker of the juke box need worry. 


ENERAL 


NDUSTRIES 
COMPANY 


9 


AM 9 


"Smooth Power" motors start instantly, at- 
tain speed quickly and run as smooth as silk. 

We've been making these powerful, com- 
pact motors for years. They're driving such 
varied devices as record changers, tape re- 
corders and intricate control systems. What- 
ever type of service they're doing, you can 
be sure they answer promptly to every order. 

Right now, War demands take all of our 
manufacturing capacity. But our engineers 
have time available to study your present or 
future needs, and make suggestions for the 
right “Smooth Power” motor for your par- 
ticular job. Let’s talk it over. 


THE GENERAL INDUSTRIES COMPANY 
Elyria Ohio 


TE E a a aa 
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4000 TONS EXTRUSION PRESS WITH 
1500 TONS PIERCER FOR LARGE TUBING, 
SECTIONS AND RODS 





HYDROPRESS . nc. 


ENGINEERS CONTRACTORS 


HYDRAULIC PRESSES - ROLLING MILLS 
STRETCHERS - PUMPS - ACCUMULATORS 


570 LEXINGTON AVENUE . NEW YORK : AR 
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Positioning accurate to .002 inch in 10 feet 


AUTOMATICALLY . . . with the G-E amplidyne 


Are you seeking a simple, practi- 
cal way to make your machines 
more nearly automatic, to increase 
their output, to improve their ac- 
curacy, or to widen the variety of 
work they can handle? If so, you'll 
find that the G-E amplidyne opens 
up a whole new approach to your 
problem. 


On a boring mill, for example, 
the use of amplidynes and a few 
small, simple devices now permit 
the operator to pre-set each cut by 
merely turning dials. He literally 
“dials the distance" that the boring 
head is to travel. At the touch of 
a button, the tool moves into posi- 
tion, automatically stopping with 


an accuracy of .002 inch in 10 feet 
of travel. 

From boring mills to gun turrets, 
from paper machines, to mine hoists 

-design engineers are using the 
amplidyne to translate the minute 
signals of electronic tubes, selsyns, 
limit switches, and other devices 
into the kilowatts of power needed 
to control heavy machines. They 
are using it to simplify control 
circuits, to inject faster accelera- 
tion, to control speed, to hold 
tension. G-E engineers will gladly 
discuss how the amplidyne fits in 
with your plans for product or 
process improvements. General 
Electric Company, Schenectady, 
New York. 


HAVE YOU READ "The Short Ci 
cuit That Moves Mountains?” Thi 
booklet tells how a short circui 
together with load-current co 
pensation, has been utilized in t 
amplidyne to produce a generato 
type amplifier of remarkable ve 
satility. It shows how the ampli 
dyne’s 10,000 to 1 amplificatio 
and instant responsiveness a 
achieved. It recounts the ampli 
dyne's present achievements, a 
forecasts its future. Send for Bu 
letin GEA-4053. 


GENERAL (5) ELECTRIC 


MPLIDYNES 


T6 F ( 
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The best investment in the world is in this country's future—BUY WAR BONDS 
NE 








ling on lo Victory 


On their unexcelled and dependable performance, New Departure 
ball bearings keep our mechanized forces rolling . . . rolling on 
to victory! 
On fighting craft of every kind, on land and sea and in the air, 
New Departure ball bearings prove their superiority . . . every 
day, every hour, every minute. 

It is New Departure's privilege to play the lead in wartime produc- 
A tion of ball bearings, enlarging an experience already enormous. 
Out of this total experience will come postwar performance of 
New Departure Ball Bearings that will set even higher standards 


d of service life. 3220 


New Departure 


4 BALL BEARINGS 
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Nothing Rolls Like a Ball 


NEW DEPARTURE «+ DIVISION OF GENERAL MOTORS œe BRISTOL, CONNECTICUT 
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WALKER-TURNER FLEXIBLE SHAFTING 
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IT “GETS AROUND" 


Walker-Turner Flexible Shafting "gets around", in more ways than one. 
In engineering design it offers a means of getting around obstructions to 
power transmission and remote control. Geographically, too, it gets around. 
Used on aircraft and other mechanized war equipment, Walker-Turner 
Flexible Shafting is seeing action today all over the world. It has thoroughly 
demonstrated its reliability under all conditions of combat. When the need 
came, engineers designing war machines for the Allied Nations found this 
Shafting ready. Its dependability had been proven during many years 
of rigorous service on industrial equipment of many kinds. 

If you have a problem in remote control or power transmission for war 
equipment today—or peace-time applications tomorrow, get in touch with us. 


WALKER-TURNER COMPANY, INC. 
4414 Berckman Street, Plainfield, N. J. 


FLEXIBLE SHAFTING 


company, inc. 


PLAINFIELD, N.J. FOR REMOTE CONTROL AND POWER TRANSMISSION : 


REANO) 


OBCNCACNON UN AUN 080080 
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TYPE NCS 





DESIGNED FOR TODAY’S NEEDS 
AND TOMORROW'S TRENDS —THEY 





T! ? 




















Ez 

— OFFER A UNIQUE COMBINATION 
E 

N OF ADVANTAGES 

N You may not have realized how many 
N different types of Needle Bearings have 
-- been developed since the first Tor- 
~ rington Needle Bearing was intro- 
~~ duced. 

E3 Some of them are illustrated here. 
E Common Advantages 

D All of them employ the basic prin- 
R ciple of a full complement of small 
E. diameter needle rollers within a single, 
E- compact retaining raceway. And all of 
- them offer the characteristic advan- 
s tages of the original Torrington 





Needle Bearing: 








1. Small size, light weight and compact 
design 

. High radial load capacity and elimi- 
nation of stress concentration 











N 














3. Unit construction which facilitates 
handling and installation 


á. Efficient lubrication; freedom from 
maintenance attention 


. Low cost 
























For Special Requirements 


Each of the "newer" types is designed 
for a particular task ...a particular 
set of conditions. 

Some of them were so well estab- 


lished even before the war as to be 
almost universally used for certain 
applications. For example, the NCS 
Type Needle Bearing, of rugged con- 
struction, designed for heavy service, 
and available in standard sizes to fit 
an inner race of from 5$" O.D. to 
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bs. these are ALL 
Needle bearings ... 


54” O.D., is widely employed in 
equipment for the oil industry where 
service conditions are severe and 
rough "handling" the rule. 

Others are the result of wartime 
demands for greater efficiency in 
speeding production lines and step- 
ping up performance records. The AT 
Type Needle Bearing, for instance, 
has a heavy, through hardened outer 
race designed to give maximum ca- 
pacity obtainable from the rollers 














used. It has found 
wide application in 
the aircraft con- 
struction where it 


is used with stand- j= 
ard AN bolts and 4 


siderations—as they will be in de- 
signing to meet postwar trends— 
Needle Bearings provide the answer! 

With the development of a com- 
plete line of all types, The Torrington 
Company offers the product designer 
and engineer a selection to meet vir- 
tually any radial load requirement. The 
experience of Torrington engineers 
is available to aid in design and ap- 
plication of Needle Bearings to your 
particular job. A copy of our current 
Catalog No. 108 will give you an out- 
line of the types, sizes and capacities 
currently available for essential needs. 
And if our engineering staff can assist 
in selecting the right type for a par- 
ticular job, write, outlining your need. 


THE TORRINGTON COMPANY 
Established 1866 * Torrington, Conn. * South Bend 21, Ind. 
"Makers of Needle Eearings and Needle Bearing Rollers” 


New York Philadelphia Oly, 
Los Angeles * € 


Detroit Seattle 
Chicago Toronto London, England Tm Fe 


Boston 
Cleveland 
San Francisco 


is designed to have pc (INNER RACE) Ax 


a static non-Brinell 

capacity equal to the single shear 
strength of the bolt. Standard sizes 
in the AT Type range from 0.1900 
to 1.0000" to fit on bolts No. 3 to 16. 


For Postwar Designs 


Where the efficiency of anti-friction 
operation is desired, and space, weight 
and cost are vitally important con- 














TORRINGTON 
NEEDLE BEARINGS 












TYPE RC 


TYPE FDT 





What will users want in 


POSTWAR 
Machine Tools? 


ER VERSATILITY will be a primary requirement 


of many machine tools sold in the postwar period . .. but versatility 
achieved without sacrificing high production rates and low production 
costs. Following every war, old products become obsolete and new 
products are developed with startling speed. Manufacturers must have 
machines which can be quickly and easily adapted to new purposes. 


Exceptional versatility is characteristic of many machines equipped 
with Vickers Hydromotive Controls. The hydraulic method of con- 
trol and power application is inherently the most flexible. There 
are more than 5,000 Standardized Vickers Units that can be com- 
bined to exactly supply every hydraulic power and control function: 


(1) any feed rate (4) any sequence of motions 
(2) any traverse rate (5) any acceleration or deceleration 
(5) any rpm (6) any thrust 


Vickers Application Engineers will be glad to discuss how the ver- 
satility and the many other advantages of Vickers Hydromotive Con- 
trols can be applied to your machines. 


VICKERS Incorporated © 1400 OAKMAN BLVD. èe DETROIT 52, MICHIGAN 
Application Engineering Offices: 
CHICAGO « CLEVELAND • DETROIT * LOS ANGELES « NEWARK * PHILADELPHIA ¢ ROCKFORD «e TULSA» WORCESTER 


Representative of More 
than 5,000 Standardized Vickers 
linits for Every Hydraulic Power 

and Control Function 
* 
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EW engineers have had an op- 
Hess to appraise Cycle- 

Welding because the process 
has been on the restricted list almost 
since it was quietly born in the labora- 
tories of the Chrysler Corporation. 
Even now it is not possible to divulge 
details of war products actually de- 
signed for Cycle-Welding: They are 
too new. Unless one is working on 
future fighters and bombers, available 
data consists of basic engineering in- 
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Corrugated sections, channels, angles and brackets are among structural details that are being Cycle-Welded 
to panels by Chrysler Corporation instead of using rivets, at cost savings of one-third or better. 


Cycle- Welding Process 
For Bonding Structural Materials 


This new joining process permits bonding of metallic and non-metallic materials to 
each other in any combination. Service records indicate the method can be classed 


with riveting and welding as a successful 


assembly 


procedures and studies of Cycle-Welded lap joints are presented. 


formation and what has been accom- 
plished in saving weight, material and 
time in joining aircraft parts origi- 
nally designed for assembly by some 
other method, notably riveting. 


Cycle-Welding is a process for 
bonding materials by applying a 
thermo-setting plastic cement to the 
faying, or joint surfaces, of an assem- 
bly and curing under pressure. Metal 
can be bonded permanently to metal, 
or to wood, plastic, rubber and ce- 
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Application 


ramics. The non-metallic materials 
can be bonded to each other in any 
combination. Parts are fastened with 
plain lap or scarfed joints, or by 
means of pressure-distribution pads. 
Cements used are proprietary com- 
pounds of the Chrysler Corporation, 
for which some ingredients are pro- 
duced by the Goodyear Tire & Rubber 
Company. More than 50 Cycle-Welded 
assemblies for fighters and bombers 
are now in production at Chrysler 


1 


Load, Pounds 


0.081 Alclad 24 ST 
stock yield 3,000 /b. 


0.064 Alclad 24 ST 
qe 2370 lb. = 


0.051 Alclad 24 ST 
stock yield 1,830 /b. 
eaj enan an anan amam — o 
0.045 Alclad 24 ST. 
stock yield 4650 /b. 


0.032 Alclad 24 ST 
stock yield 1,190 /b. 


Shear Strengths of Cycle Welded Joints 
Minimum values acceptable for production 
Single lap joint, l" wide, C-3 cement 
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Lap, Inches 


In thin-gage Alclad stock, the shear strength of the Cycle-Weld joint exceeds the 
rupture strength of the metal if the lap is of sufficient length. 


Alclad Cycle-Washers have proved 300 to 500 percent stronger than a plain bolt 
and washer combination when making an assembly to a wood panel. 


plants, and the process has been li- in 
censed to a number of other manufac- 


turers in the United States. 
Just how good 


2 


is a Cycle-Weld 


bond? That question can be answered 


this way. First, at temperatures 
from +160 deg. F. to —70 deg. F. no 
joint has failed in vibration. Second, 
time and exposure to salt water and 
many chemicals detract little from the 


ultimate strength or adherence of the 
cement joint. In 300-hr. tests with 
many reagents, the loss of ultimate 
strength has been around 5 percent, 
and in no case more than 25 percent. 
Edge-corrosion by salt-water exposure 
is avoided in the case of metal assem- 
blies, because product specifications 
call for paint anyway. But for metal 
parts subject to normal exposure, 
painting to protect the bond is not 
required. Thus, permanence of the 
bond appears assured. 

A cemented joint obviously is not 
intended for concentrated loading. In 
Cycle-Welding a suitable assembly 
can be made if the load can be dis- 
tributed over sufficient area. Unit 
stresses are not necessarily low. For 
in wood-to-metal assemblies the 
strength of the cement exceeds the 
strength of the wood. Thin-gage alu- 
minum will also rupture before the 
bond, as disclosed by the chart for 
shear strengths of Cycle-Welded Al. 
clad lap joints. 

Deformation of a Cycle-Weld lap 
joint under load is complex and is not 


Rubber can be bonded to steel to 
resist impact at wide extremes of tem 
perature, Two small rubber blocks in 
an aircraft ski pedestal will not separate 
from the steel members of the “shock 
absorber" under a load of 3,500 Ib. 


subject to simple methods of measure 
ment. Elongation depends upon lap 
length, thickness of cement film and 
stiffness of the members joined, in 
addition to the stiffness of the cement 
itself. Elongation arises from axial 
strains in portions of the member: 
adjacent to the bond and their relative 
displacement from shear deformation 
in the cement. Therefore the stiffness 
factor, or modulus, determined for 4 
particular joint cannot be applied di- 
rectly to a joint of different dimen- 
sions or other materials. 
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Studies of Cycle-Welded lap joints re- 
veal the following facts: 

1. The basic factors controlling the 
eficiency of bonded lap joints are: 
(a) Uniform elongation of the com- 
bined members over the entire length 
of the joint, and (b) the amount of 
eccentricity between the members. 

2. The best joint is the scarfed va- 
riety in which the members have equal 
cross-sections and equal moduli of 
elasticity. Symmetrical alignment of 
the members and constant section 
combine to provide uniform elongation 
and loading over the entire length of 
the joint. 

3. For materials of unequal modu- 
lus, a satisfactory scarf joint is pro- 
duced by scarfing the members sym- 
metrically in inverse ratio to their 
moduli. Thus. in the case of wood 
bonded to aluminum, the members 
would be scarfed to a taper of 1.5/10; 
for wood to steel, 1.5/30. To secure 
symmetrical construction, a double- 
scarf joint would be required. 

4. To eliminate stress concentration 
in elements of the joint, and to pro- 
mote uniform elongation of the two 
joint materials, the members must be 
tapered in thickness but not in plan. 

The double-scarf joint is one means 
of distributing the load properly in 
a wood-to-metal joint. Another is the 
use of pressure distribution pads. 
These are commonly Cycle-Washers, 
in which thin veneer is bonded to steel 
or aluminum. The other face of the 
veneer is cold glued to the wood mem- 
ber, say a plywood panel Thus a 
metal part can be connected to the 
panel by means of a bolt or rivet 
passing through the Cycle-Washer. 
The metal part of the Cycle-Washer 


takes the concentrated load of the 
bolt and the veneer portion distributes 
the load onto the panel. Distribution 
of the load by such means avoids 
crushing the wood fibers and makes 
possible minimum-weight designs. 


Process Expanded 


There are so many possible com- 
binations of conditions surrounding 
the design of joints ip various materi- 
als that the Chrysler Corporation has 
expanded its original process, which 
used only one cement, and now has 
three generic processes in the Cycle- 
Welding method: (1) The original 
Cycle-Weld process, (2) Cycle-Bond- 
ing—low-temperature and (3) Cycle- 
Bonding—medium temperature. In 
any case, the Cycle-Weld cement must 


Taper = 


first be used on metal to obtain proper 
adhesion, and intermediate cements 
are then applied in the latter two 
processes. The reasons for three proc- 
esses and the possibilities of applica- 
tion are apparent from the following: 
CvcLE-WELDiNG. The surfaces to be 
bonded are coated with a black ce- 
ment (C-3), which is slow drying, and 
hence is commonly air-dried for 30 
min., and then pre-cured by baking 
for 30 min. at 180 deg. F. When con- 
venient to production, the components 
of the assembly are clamped in fix- 
tures provided with cartridge heaters 
at the glue line, or placed in a hy- 
draulic press for the curing cycle. 
This cycle can be adapted to the cir- 
cumstances. [f the area of the joint 
is such that the strength developed 
with maximum cure is far in excess 


_---Cycle-weld cernent 


Modulus of woof 
Modulus of metat 





A double-scarf joint provides the greatest strength, particularly in wood-to-metal 
combinations. By tapering the joint as shown, the full strength of the wood can 
be used when proportioning members; there is no need to “beef up” the wood 
at the joint to avoid crushing the fibers from concentrated loading. 


Procedures for Cycle-Welding Various Materials 








Cement Film Assembly Curing Curing 
Thickness, In. Pre-Cure Pressure Temp. Time, 
Materials Cement Each Surface Lb. /Sq. in. Deg. F. Min. 

Alclad and 24ST to Wood...... C-3 0.002-0.0025 in. Yes 150-200 325-335 15 
Steel to Wood ................ C-3 0.002-0.0025 Yes 150-200 325-335 15 
Magnesium to Wood .......... C-3 0.002-0.0025 Yes 150-200 325-335 15 
Alclad or 25ST to either one.... C-3 0.0015-0.002 Yes 300 325-335 15 
st a oh bie C-3 0.0015-0.002 Yes 300 325-335 15 
Magnesium to Magnesium...... C-3 0.0015-0.002 Yes 300 325-335 15 





Procedures for Cycle-Bonding Various Materials 











Cycle-Weld Film Cold Open Curing of Cycle-Bond 
Cement Thick- Air- Glue Time — — —— 
on Metal ness on Dry Both Before Pressure 
Materials Only Metal Period Cure Surfaces Assembly Lb./Sq. in. Temp. and Time 
Alclad and C-3 0.004 in. l hr. 20 min. at CB-2 10-15 min. to 200 140 F. for 2 hr. 
24ST to Wood 325 F. 16 oz. /sq. ft. or 200 F. for 6 min. 
Steel to C-3 0.004 in. 1 hr. 20 min. at CB-2 10-15 min. to 200 140 F. for 2 hr. 
Wood 325 F. V6 oz./sq. ft. or 200 F. for 6 min. 
Magnesium C-3 0.004 in. 1 hr. 20 min. at CB-2 10-15 min. to 200 140 F. for 2 hr. 
to Wood 325 F. l6 oz. /sq. ft. or 200 F. for 6 min. 
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of requirements, the curing cycle may 
be as little as 3 min. in order to speed 
production. If full strength character- 
istics are required, the maximum cycle 
of 15 min. is used. Temperature can 
be adjusted within 250-335 deg. F. to 
suit the materials joined, or service 
requirements. Optimum temperature 
ranges between 325-335 deg. F. The 
clamping pressure does not affect cur- 
ing, but must be adjusted to suit ma- 
terial limitations and insure proper 
contact of the mating surfaces. Opti- 
mum pressures are: For soft wood 
joined to metal, 150 lb. per sq. in., for 
hard wood to metal, 200 Ib. per sq. in., 
and metal-to-metal, 300 lb. Pressure 
as low as 25 lb. can be used in joining 
rubber to steel. 

Cement can be applied to cleaned 
metal, sanded wood, or solvent-wiped 
rubber parts by the method most satis- 
factory to a manufacturing layout. 
The spray gun and flow gun are the 
most common applicators, but a gear- 
pump applicator or a spreader can be 
used. Cycle-Weld cement in tape form 
has proved satisfactory in some in- 
stances. Where parts or panels must 
be painted before Cycle-Welding, the 
bond area is masked with Scotch tape. 


The problem in applying the ce- 
ment is to achieve an even film of 
desired thickness. Each surface should 
have a film approximately 0.0015-0.002 
in. thick, or a total joint thickness of 
0.003-0.004 in. Too much cement in the 
bond may cause creep. 


Alternate Procedures 


The Cycle-Weld process is adequate 
for manufacture of many assemblies 
of wood-to-metal, metal-to-metal, rub- 
ber-to-steel, plastics to each other and 
any of the other materials mentioned. 
But there are reasons why alternate 
procedures are of value. For exam- 
ple: 

l. Metal surfaces with commercial 
finish can be joined, but should be 
relatively free of waviness and dim- 
ples. The pre-cured Cycle-Weld ce- 
ment does not flow readily in the 
curing process. If heavy pressure must 
be applied to achieve intimate and 
complete contact over the bond area, 
the residual stresses in the metal may 
“pop” the joint when the pressure is 
released. 

2. The bonded surfaces should pre- 
ferably lie in a plane. although the 


Strength of Scarf Joints Wood to Metal 


Shear strength. ........ 
Ultimate tensile strength 


BEEN. ori SA ERAI AC a RC TER 


Fatigue failure 


These values are for any metal joined to spruce or Douglas fir. 


1,600 Ib. per sq. in. 
1,600 Ib. per sq. in. 
3.2 lb. ft. per sq. in. 
None under vibration 


Stronger woods 


such as walnut and mahogany will give strengths up to 2,200 Ib. per sq. in.: birch up 


to 2,500 Ib. per sq. in. 


The loads obtained with a scarfed joint are higher than would 


be expected because the load is distributed over the fibers. 


Cycle -washer 


, 
, 


/ Metal 
^ washer 
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cement 
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Cycle-Washers are load distribution pads, in which the veneer face can be glued 
to wood panels by simple, well-known practices. By distributing the load over a 
large area new wood to metal constructions are possible because of the high 
efficiency of the joint and its vibration-proof characteristics. 
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joint need not be straight. It would 
be difficult to apply high pressure 
evenly to one dished component nested 
into another. 

3. With any but simple joints, tool- 
ing problems are complicated. Clamp. 
ing fixtures or press tools are costly 
to build for odd-shaped or compli. 
cated assemblies. In such cases, heat- 
ing for curing becomes a problem, 
maintenance of adequate clamping 
pressure may prove troublesome at the 
curing temperature. 

4. The curing temperature and 
pressure for Cycle-Welding are dele- 
terious to some materials, create prob- 
lems with materials or assemblies 
subjected to sub-zero temperatures. 

These considerations prompted the 
development of the two newer proc- 
esses, which use intermediate cements 
to join parts pre-coated with Cycle. 
Weld cement. 


CvcLE-BoNpiNc—Low TEMPERATURE. 
This process uses low temperature and 
medium pressure. It was developed 
specifically for joining dissimilar ma- 
terials by what amounts to cold-gluing 
practice as a means of avoiding troub- 
lesome tooling problems, and to avoid 
the ill effects of high temperatures on 
certain materials, 

In a wood-to-metal assembly, the 
metal is coated with Cycle-Weld ce- 
ment (0.004 in. thick) which is then 
cured. Cycle-Bond cement is spread 
(V9 oz. per sq. ft.) upon the cured 
Cycle-Weld and upon the uncoated 
wood surface. Components of the 
assembly are then brought together at 
pressures up to 200 lb. and tempera- 
tures in the 140-200 F. range. The 
low-temperature cure avoids warping 
the wood as the result of residual 
stresses, and the cement has the fea- 
ture of taking up surface irregulari- 
ties. 

No. L-C 55 cement offers a means 
of joining rubber to steel. especially 
rubbers that must remain elastic at 
—70 deg. F. but can not be heated 
above 150 deg. F. without harm. 
Lamination of plastics is another field. 


CycLE-BONDING—MEDIUM TEMPERA- 
TURF. Other fields for the process are 
those in which bonding pressures must 
lie between 30-90 lb. per sq. in., but 
curing temperatures may go up to 300 
F. Cycle-Bond cement C8-4 fits into 
this category as a means of joining 
parts of odd shape, heavy gage. or 
considerable surface irregularity. Sim- 
ilar or dissimilar materials can be 
joined, providing both have been given 
a coat of Cycle-Weld cement that has 
subsequently been cured. 

In this phase of the art, the Cycle- 
Weld cement is applied to the mem- 
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Test results disclose the advantage of distributing the load to wood fibers. The plywood test pieces glued to 
Cycle-Washers broke before the joint, whereas a bolt and metal washer connection tore free from the wood. 


bers to achieve maximum adherence 
to the metal and minimum creep. 
Then the coated surfaces are joined 
with Cycle-Bond cement which has 
a higher modulus, and hence the in- 
creased thickness of the cement joint 
does not reduce the strength of the 
assembly. In other words, Cycle- 
Bonding avoids need for close toler- 
ance material and opens up new fields 
for laminated assemblies. It should 
be possible to roll sections of consid- 
erable length, coat them in the man- 
ner described and bond nested sec- 
tions by application of moderate 
pressure. New-type lightweight struc- 
tural elements are therefore a com- 
mercial possibility. 

The intention in developing these 
three processes and cements is to pro- 
vide the designer with means to insure 
an adequate joint under service con- 
ditions, and its production at mini- 
mum cost. Obviously if cold gluing 
practices can be followed for making 
the joint, the tooling will be simple 
and the cost of the manufacturing 
layout will be low. Where the process 
application does require heat, it can 


be provided in several ways. One of 
the simplest is the use of cartridge 
heaters in the clamping fixtures. If 
the job is definitely one that must be 
done on a hydraulic press, one platen 
is heated and the other is not. Again 
strip heaters provide a convenient 
means of applying warmth just where 
it is needed—at the glue line. Fix- 
tures, of course, might be transported 
into a low-temperature oven on a 
batch or continuous basis, but if the 
temperature is high there may be diffi- 
culty with loss of clamping pressure. 
Infra-red heating is another possi- 
bility— most suitable perhaps for pre- 
curing Cycle-Weld cement applied to 
open-face joints before assembly with 
an intermediate cement. Radio-fre- 
quency current is essential for lami- 
nating plastics. 


Savings Realized 


Cost savings realized to date upon 
aircraft sub-assemblies have been 
spectacular—30 to 90 
though the products were not designed 
originally for Cycle-Welding. These 


percent—al- 
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results have been achieved largely as 
the result of eliminating rivets in the 
assemblies except at points where 
there are joggles. 

Most joints now in production lie 
in a plane surface, although they can 
be straight or curved. The assembly 
of dished or contoured parts is a new 
field that will be opened up by the 
Cycle-Bonding process, because distri- 
bution of the bonding pressure over 
the entire joint surface is easier with 
the intermediate cement than with 
Cycle-Weld cement, which does not 
flow appreciably. Dies made to the 
contour of the parts, or air bags, can 
be used. 

Potential applications of the Cycle- 
Welding process certainly exceed the 
scope of present-day uses. Many lab- 
oratory accomplishments have not 
been translated into useful products. 
But from what has been done so far, 
it is evident that permanent bonding 

f structural elements with thermo- 
setting plastics has joined riveting and 
welding as a successful assembly 
method, and one that opens new fields 
to the product designer. 





Liberator bomber with the new nose electric gun turret. Other 
turrets are mounted in the tail and belly and atop the fuselage. 


Design Specifications 


For Aircraft Motors 


WILLIAM H. FROMM 


Motor Division, The Dumore Company 


Developments in fractional horsepower motors for aircraft applications, including 


special performance characteristics and construction features, that have resulted 


from the primary necessity for safety, reliable operation of automatic mechanisms 


under the severe conditions encountered in service, and low weight-power ratio. 


WO years ago an aircraft with 
twenty motors for the operation 

of its various parts and acces- 
sories was unusual—almost a rare ex- 
perimental model. Today some of the 
larger planes have a hundred frac- 
tional horsepower motors doing almost 
everything except reading instruments. 
A complete list of the applications 
which the modern plane offers for 
small or fractional horsepower motors 
is too long to include here. Some ex- 
amples, which are representative and 
sufficiently diversified to indicate the 
scope of application, are aerial cam- 
eras, ammunition boosters, cowl flaps. 
de-icer pumps, anti-icer pumps, oil 
cooler doors, intercooler doors, bomb 
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bay doors, intervalometers, landing 
gear and wing flaps. 

There are various sources of power 
for the operation of these motors. 
Most planes today operate with 24 
volt d.c. generator and batteries, (in 
the 1920’s aircraft used 12-15 volt 
equipment) a natural development 
from familiar 6-8 volt system of the 
automobile industry. There has been 
some interest in a 120 volt d.c. gen- 
erator setup, on the Martin Mars for 
instance, and the chances are that 
some of the new designs will follow 
the Martin lead in this respect. Engi- 
neers may anticipate that the greatest 
development in the immediate future 
will be in 400 cycle motors, seeing that 


the Army Air Forces recently stand- 
ardized on this class to direct the de- 
velopment work of motor manufac- 
ture. The choice of 400 cycles was 
logical since it approximates the opti- 
mum point where weight and power 
are in most favorable relationship. 
That progression should be toward 
the higher frequencies is reasonable 
enough, when one considers that the 
primary requirement of aircraft mo- 
tors is, in a classic phrase, “the addi- 
tion of lightness"—precisely the ad- 
vantage of higher frequencies. It is 
interesting to note that a 400-cycle 
motor requires but 1/7 of the iron 
used in a corresponding 60-cycle mo- 
tor. This in turn reduces the necessary 
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amount of copper and other materials. 
The 400-cycle field is so recent a de- 
velopment that any additional com- 
ments would be highly speculative. 
Practically all of the current devel- 
opments have been in 24-volt d.c. 
design. Therefore, this article will be 
confined to that classification. 


Exacting Specifications 


In aircraft, human life is so com- 
pletely dependent upon perfect per- 
formance by automatic mechanisms 
that the safety specifications for those 
mechanisms must be both primary and 
uncompromising. Performance stand- 
ards are followed closely in import- 
ance by mechanical standards such as 
lightness, small size, ruggedness, re- 
sistance to vibration, satisfactory op- 
eration over a wide temperature range 
and at high altitudes, resistance to 
corrosion, high efficiency and high 
standards of material and workman- 
ship. 


LIGHT WEIGHT. Extra dead weight 
cuts the pay load of a plane in a 
measure beyond that ordinarily as- 
sumed. The addition of weight involves 
the excess weight of a unit plus the 
weight of extra gasoline required to 
carry the added weight of the unit 
itself. As the range of the ship in- 
creases, the necessary extra gas per 
extra pound also increases. This re- 


striction necessarily influences the 
selection of materials used as well as 
the design of the motor. 


SMALL SIZE is dictated by the restric- 
tions of aerodynamic design. There is 
ordinarily a definite, not too generous, 
allotment of space for an accessory 
motor in a plane. When later modifi- 
cations of the motor must be made 
for the same plane, they must be made 
within the original space limitations. 
In one instance a magnetic brake was 
added to a motor under these circum- 
stances, adding only 9$ in. to a motor 
the original length of which was 54 
inches. 


RuccEDNEss. Aircraft motors must 
withstand the shock of violent maneu- 
vers, landings which are often far from 
gentle, and forces of sudden accelera- 
tion and deceleration amounting to as 
much as 12 gravity units. 


TEMPERATURE RANGE. Satisfactory op- 
eration at —65 to 160 deg. F. is one of 
the essential requirements for small 
motors installed in war planes des- 
tined for duty in all climates. Wide 
extremes were encountered in opera- 
tion over North Africa, where it was 
often 120 deg. F. on the ground but 
—65 deg. F. at 40,000 ft. The same 
type of ships with the same equipment 
are obliged to operate in sub-zero con- 


Assembly of an aircraft motor and 
method of lubricating sleeve bearings. 


Essential. parts in the assembly of an aircraft motor. 
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ditions in Alaska and Arctic battle 
areas. In many planes there are cer- 
tain motors which must operate ad- 
jacent to the engine exhaust where 
160 deg. F. may be the ambient tem- 
perature. 


HicH ALTITUDES. Satisfactory opera- 
tion up to 50,000 ft. was one of the 
early problems encountered with small 
motors, since at that height brush 
wear is excessive. High altitudes are 
accompanied not only by low tempera- 
tures but by low atmospheric pressure 
and low humidity. The former elimi- 
nates the lubricating film of moisture 
between the brushes and commutator, 
the latter permits easy arcing. Both 
result in excessive wear of the com- 
mutator and brushes and call for spe- 
cial offsetting measures. 

VIBRATION RESISTANCE. Aircraft mo- 
tors must cope with the high-frequency 
vibration to which all aircraft parts 
are subjected by the operation of high- 
powered engines. Every screw and 
bolt of plane and parts must be se- 
cured in some fashion to prevent loos- 
ening through vibration. 


CORROSION RESISTANCE must be de- 
signed into aircraft applications. Steel, 
aluminum and magnesium corrode in 
normal atmospheres, and much more 
rapidly in moist atmospheres. Elec- 





trolysis, which takes place between 
dissimilar metals, also results in cor- 
rosion. Efficient operation of precision 
mechanisms is impossible in the pres- 
ence of corrosion. 


HicH Erric'ENCY (low current drain) 
is the goal of continuing developmental 
activity of fractional horsepower mo- 
tor manufacturers. The reduction of 
required input for a given output al- 
lows a reduction in the size and capac- 
ity of the generators and the distribu- 
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tion system, hence a reduction in 
weight. 


MATERIALS AND WORKMANSHIP of the 
highest quality are both inherent in 
the primary standard of dependability. 
Any part which does not incorporate 
the best materials and workmanship 
has no place on a plane. 

It can be readily understood from 
the foregoing that the construction of 
fractional horsepower motors for air- 
craft applications must embody not 
only the highest quality of mechanical 
production processes, but also requires 
a multitude of special design and con- 
struction features on each motor part 
to meet unprecedentedly high stand- 
ards and to provide for performance 
efficiency under all of the special 
operating conditions. 


Special Construction Features 


As an indication of the process in- 
volved in constructing an aircraft mo- 
tor, consider the manifold operations 
required to fabricate each specific 
part. 


ARMATURES. An insulated, laminated 
armature core is pressed, or keyed to 
a steel armature shaft which has been 
machined and balanced. The core is 
wound with insulated wire and the 
leads are soldered to the commutator 
bars. Many manufacturers swage the 
leads to the bars before soldering. 
Armature slots vary in number from 
6 to 20 or more depending upon the 
size of the motor. The number of the 
commutator bars ordinarily corre- 
spond to the number of armature slots, 
although they are occasionally twice 
in number. The entire armature as- 
sembly is impregnated with heavy in- 
sulating varnish and baked to protect 
it from moisture, oil, dust and other 
harmful substances. The commutator 
and bearing journals are ground. 
Then the armature assembly as a 
whole is dynamically balanced to 
eliminate vibration. The assembly is 
also tested on 500 volt, a.c. for shorts 
and grounds. 


FrELps usually have 2 or 4 poles. Field 
coils are wound of insulated wire. 
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Performance curves of 1/6 hp., 24 volt, d.c., wing flap motor. 


taped, dipped in insulating enamel 
and baked. Field windings also are 
ground-tested on 500 volts. The coils 
are assembled around pole pieces of 
laminated steel and suitably anchored 
to the motor housing. Some motors 
have a salient pole construction with 
laminated cores and integral pole 
pieces. Some have separable lami- 
nated pole pieces which are bolted to 
a steel frame. And some small motors 
use permanent magnet fields which 
require no windings. 


HousiNcs are ordinarily machined 
from sand or die-castings of aluminum 
or magnesium, designed to combine 


maximum strength and minimum 
weight. Protection against corrosion 
is provided for the motor housings by 
anodizing or by painting. Corrosion 
caused by electrolysis between dis- 
similar metals is prevented by a coat- 
ing of zinc chromate paste at the 
point of contact, and the interior of 
the motor is generally protected 
against the entrance of moisture by 
sealing the joints of the housing with 
zinc chromate paste or a similar seal- 
ing agent. The degree of inclosure of 
the motor housing is dependent upon 
the customer’s requirements, but often 
motors, particularly the intermittent- 
duty type. are totally inclosed. Ventila- 
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tion, when needed, is provided by in- 


ternal fan-cooling or 
modifications of design. 


pipe-cooling 


BALL BEARINGS of the shielded type, 
lubricated for life with a low tem- 
perature grease, are generally assem- 
bled to the shaft with a light press fit. 
Preloading springs are frequently 
used in conjunction with ball bearings 
to take up end play and provide for 
expansion and contraction. 


SLEEVE BEARINGS are usually molded 
of a bronze and graphite composition 
impregnated with a low temperature 
oil, the lubricant flowing to the shaft 
by the process of capillarity. There is 
enough lubricant in the pores of such 
a bearing to last for the life of almost 
all intermittent-duty jobs. 


INSULATION is largely of synthetic 
material rather than the traditional 
silk. Magnet wire is almost entirely 
insulated with synthetics, and lead 
wires with a synthetic core plus 
braided cotton or asbestos covered 
with an acetate film. As an additional 
insulating precaution the metal sur- 
faces near electrical connections are 
covered with a coat of shellac. Wind- 
ings are carefully insulated from the 
ground by heavy insulating paper and 
tape. plus dipping and baking in in- 
sulating varnish. 


BrusHES that conduct current to brush 
holders through pigtail shunts and 
caps contacting the holders have pre- 
sented the greatest problem in d.c. 
motor operation at high altitudes. Ex- 
cessive brush wear, which accom- 
panied the elimination of lubricating 
flm and easy arcing at high altitudes, 
had to be reduced before these small 
motors could be practically applied 
to aircraft use. First, all brushes were 
given as large a cross-section as pos- 
sible to keep tt e current density down 
to about 120 amp. per sq. in. Second, 
special brushes were developed for 
high altitude application. Some of 
the new brush materials contain cop- 
per-graphite and some silver-copper- 
graphite combinations. Other types 
are impregnated with a lubricating 
agent. Certain of these new types 
have worn only 0.001 in. per hr. at 
altitudes above 30,000 ft., a 5,000 per- 
cent increase of brush life when com- 
pared with previous types. 


Gears. Worm, spur and planetary 
gears are used in small aircraft acces- 
sory motors, sometimes combinations 
of the three. Because the armature 
speed of series motors is high, it is 
necessary to use a high gear ratio to 
reduce speed to a usable value. Plane- 
tary gears make possible a high re- 
duction in a relatively small space and 


Propuct ENGINEERING — January, 1944 


are gaining favor for that reason 
where their characteristics are prac- 
tical. Motors are supplied either with 
integral gear boxes, or ready for 
mounting on gear boxes designed and 
manufactured by the customer. 


GEAR LUBRICATION. Because of the 
wide temperature ranges in which 
most planes must operate, the grease 
must lubricate well at low atmospheric 
temperature and still not melt at high 
operating temperature. Greases have 
been developed to meet these require- 
ments, but there is a growing interest 
in self-lubricating gears made of sin- 
tered metals, impregnated with low- 
temperature oils. 


ELECTRICAL CONNECTIONS on aircraft 
motors, in addition to being held me- 
chanically, are always soldered to off- 
set vibration. On single-wire systems 
with ground returns, the negative 
brush holder is usually grounded. The 
standard method of connecting all 
these motors to the source of power is 
through aircraft connectors. ordinarily 
the AN type. 


SCREWS, NUTS AND BOLTS, ordinarily 
of only nominal importance, assume 
unusual significance in aircraft appli- 
cations because of the severe vibration 
to which they are subjected. No mat- 
ter how tightly a screw is driven manu- 
ally, the terrific vibration of 2,000 or 
more pulsating horsepower of an op- 
erating engine will soon loosen the 
connection, Consequently, every screw. 
nut and bolt must be secured against 
this vibration by safety wiring, by 
lock washers, by staking or by apply- 
ing Glyptal which is used principally 
on headless set screws. All threads 
must be Class 2 or Class 3 fit (close 
fit). In addition, to prevent corrosion, 
these small parts are all nickel. zinc 
or cadmium plated. 


Special Performance 
Characteristics 


With the steadily widening applica- 
tion of fractional horsepower motors 
for aircraft use, there has come a cor- 
responding expansion of performance 
requirements. Many of these arise 
from utilization of the inherent char- 
acteristics of small d.c. motors. Others 
call for special features and design 
modifications. 


VARYING SPEED. Some aircraft motors 
are shunt or compound wound and 
have a more or less constant speed 
characteristic, that is, speed does not 
vary widely with load. But a great 
majority of aircraft motors are series 
wound and used because of their vary- 
ing speed characteristic, that is, the 


speed varies inversely with the load, 
decreasing as the load increases and 
vice versa. The series motor lends it- 
self well to speed variation control by 
means of a rheostat connected in se- 
ries with the motor. A variation from 
zero to maximum is practical. Should 
the motor designer desire a flatter 
characteristic than the rheostat con- 
nected in series will afford, he can 
maintain a much closer control of the 
variation over the specified range 
through a potentiometer control with 
a resistance shunted across the arma- 
ture. 


HicH sPEED. Power output is a func- 
tion of speed. If speed is doubled, 
power output is doubled without an 
increase in size or weight. This single 
factor has been of prime importance 
in the widespread acceptance of series 
motors for aircraft use—more power 
without more weight. Nearly all series 
motors have full-load armature speeds 
of 5,000 to 10,000 r.p.m., and no-load 
speeds of about 15,000 r.p.m. A full 
load speed of 10,000 r.p.m. is con- 
sidered maximum, because beyond 
that point the weight of the gearing 
necessary to reduce the speed to a 
usable value becomes excessive. 


HIGH-STARTING TORQUE. Another in- 
herent advantage of the series motor 
is that its starting torque is about 5 or 
more times the full load torque. High- 
starting torque is useful in starting 
high inertia or high friction loads, in 
breaking loose mechanisms such as 
cowl flaps and intercooler doors from 
ice, and in starting mechanisms 
packed with hardened grease. These 
motors draw about two or three times 
full load current at starting, since 
torque is proportional to the square of 
the current. 


Duty cYcLe or length of time on and 
off, and the frequency of this cycle, 
determine the maximum power which 
the motor can develop. The rating of 
a motor depends upon the tempera- 
ture rise, the limiting factor of which 
is the amount of temperature that the 
insulation can successfully withstand. 
Briefly, the more power, the more 
current and the more heat involved in 
the motor's operation, the shorter is 
the time that a motor can operate be- 
tween cooling periods. Length of op- 
erating time is also affected by the 
ambient temperature in which the 
motor must operate. Nearly all air- 
craft motor applications are for inter- 
mittent duty with quite short and 
fairly infrequent duty cycles. The 
temperature rise, therefore, is not a 
problem and motors can be given quite 
a high rating. in proportion to their 
size and weight. 
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Six-Sided Press 
Incorporates 
Unique Die-Slide 
Drive 


EMANDS for increased production 

and higher use factor led to develop- 
ment by E. W. Bliss engineers of the auto- 
matic high-capacity hexagonal press fed 
by six die-slides. A four die-slide press 
with fixed rubber pad permits loading by 
12 men, but the press is idle a considerable 
part of the time. Larger press capacity 
and loading area would increase produc- 
tion, but this would be offset by longer 
loading time and difficulty in reaching 
some parts of the loading area. Realizing 
more die-slides on the 2,500-ton press 
would increase production, Bliss engineers 
studied means of feeding in the slides and 
automatically positioning them. Result was 
the six-sided press with six radial slides 
controlled automatically. A rubber pad au- 
tomatically rotates into proper position for 
each incoming slide. Pad and slides are 
driven by an ingenious cam-and-rack ar- 
rangement known as the “beavertail drive.” 


Cam bolted r-Rack cut away above cam Rack cut away 


to table. 








r-Table rack on other end 
for similar 
cam -positioning 
device 
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SCHEMATIC OF BEAVER-TAIL CAM POSITIONING FOR TABLE 
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Control is such that die-slides do not have to operate in a 
given sequence. To facilitate operation of the press, the 
next incoming die-slide can be preselected. If a die-slide is 
in the press, the operator is signalled that his will be the 
next to enter. Control is totally interlocked so that if one 
die-slide is in the press, the other five are locked out. If the 
press is clear, a button is pressed and a slide enters, the 


Beaver -tail cam 


Two-speed 

rmofor 
Solenoid 
brake 


Special cam action and a two-speed motor with solenoid 
brake are used for die-slide drive. The pinion rides off the 
rack driving the die-slide at each end of slide travel. As 
the pinion rides off the rack, cams engage a beavertail, 
which is designed to bring the die-slide to a gradual stop 
without shock and to permit a 20. deg. variation in the 
stopping position of the drive pinion without varying the 
position of the die-slide. This beavertail drive, combined 
with the two-speed motor and solenoid brake, provides 
smooth acceleration or deceleration, and allows the die-slide 
to be positioned accurately. The same two-speed motor and 
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rubber pad positioning itself. The press platen descends 
immediately at high speed. Reversal at the end of the 
pressing stroke is controlled by independently adjustable 
pressure for each die-slide. Press control is interlocked so 
that press platen cannot descend until the die-slide is in 
mating position with rubber pad. Neither die-slide nor 
rubber pad can move unless platen is in upper position. 


beavertail method of drive are provided for the dial carrying 
the rubber pad, the pinion driving a large bull gear rather 
than a rack. Electric control is such that if the next sched- 
uled slide is diagonally opposite the one in the press, the 
upper dial carrying the pad holder will not rotate. If the 
next die-slide is either to the left or the one diagonally 
opposite, then the pad holder rotates in clockwise direction 
for one station. If the next incoming die-slide is either to 
the right or the one diagonally opposite, then the pad holder 
rotates in a counter-clockwise direction. In this way. the 
shortest path to the next incoming die-slide is provided. 
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New Induction 


Machine Produces 
Ultra-High 


Frequencies 


OMPLETELY HOUSED in a single 

cabinet. 4x4x7 ft. in size, this 25 
kilowatt output Megatherm delivers 
power at frequencies between one mil- 
lion and fifteen million cycles per sec. 
Unit was developed by the Industrial 
Electronics Division of Federal Tele- 
phone and Radio Corporation. Elec- 
tronic assembly is housed in a heavy- 
gage steel cabinet supported on a welded 
angle iron frame. 

Ultra-high frequencies permit induc- 
tion heating of both non-magnetic and 
magnetic materials, and provide wide- 
range dielectric heating for plywood 
bonding, resin curing, pre-heating of 
plastics and dehydration. High fre- 
quencies also permit accurate control 
of case depth and of heating zone boun- 
daries. Uniformly hardened cases 0.005 
to 0.030 in. in depth, controllable to 
within 0.001 in. are produced in time 
ranging from 0.5 to 1 sec. Self-quench- 
ing of the surface is possible in many 
cases because of high temperature gra- 
dient between surface and interior. 


TUTTI 


High voltage rectifier using (2mercury vapor 
rectifier tubes supplies high valtage to the 


| anode of the oscillator tube 


Ae RARE ET TEER!” 
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1. Oscillator tube converts d.c. to high-fre- 
quency power. 

2. Water jacket. 

3. Porcelain water coil insulates water supply. 
4. Work-cycle timer automatically controls 
duration of heat application. 

5. Start-stop pushbutton switches. 

6. Load power-factor correcting condenser to 
adjust the amount of heat. 

7. High-pressure, gas-filled type condenser 
controls frequency of oscillation. 

8. Tank coil. 

9. Grid coil. 

10. Tank ground connection provides radio 
frequency and d.c. ground for tank coil, thus 
insuring absence of lethal voltage at the out- 
put terminals. 

11. Output terminal board. 

12. Porcelain water pipe insulates tank coil 
and link coil cooling systems from ground. 
13. Lead power-factor condenser adjusting 
shaft. 


1. Gas-filled high-voltage Filament Contactor 

tank condenser. Pe NE 

2. Gas-filled load adjust- "m M 

ing condenser. Loss —— to blower 

3. 25,000 volt mica plate ^-0 

blocking condenser. 

4. 25,000 volt mica grid 

blocking condenser. 

5. 6,000 volt mica fila- 

ment by-pass condensers. 

6. 25,000 volt mica by- 

pass condensers. 

7. Automatic vernier 
timer to initiate and 
control heat.treatment 
periods. 

8. Tank coil. 

9. Load coupling coil. 
10. Plate radio fre- 
quency choke. 

11. Grid radio frequency 
choke. 

12. Radio frequency 

choke. 

13. Plate voltmeter. 

14. Plate ammeter. 

15. Grid ammeter. 

16. Grid leak resistor. 
17. Cathode blocking re- Overcurrent 
d ES relay 

sistor. 


18. Power vacuum tube. 


To all filament 


; Terminals 
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Turret Lathes Redesigned for Heavy-Duty Turning 


RIGID CONSTRUCTION for greater accuracy in service 
features the new line of Libby turret lathes built by 
International Machine Tool Corporation. Heavy one- 
piece castings provide extra strength and resistance to 
torsional stress. Direct motor drive permits compact 
design. Spindle control is provided by a single lever 
which operates clutch and spindle brake simultane- 


ously, applying a multiple disk brake automatically 
when the lever is in neutral position. Built-in coolant 
system is arranged to deliver fluid at chuck or through 
a central distributing point in the turret. Coolant 
pump, of the positive displacement type, is mounted 
on rear of the headstock and driven by an extension 
shaft from the rapid traverse unit. 


Bed and headstock are cast in- 
tegrally from alloy semi-steel. Heavy 
sidewalls of the bed are reinforced by 
longitudinal ribs running the full 
length of the bed. Resistance to tor- 


14 


sional stresses and strains is provided 
by cross ribs properly spaced to pro- 
vide maximum strength. A guide 


bearing with an adjustable taper gib | 


provides extra support to the tool post 


carriage apron. Elliptical chip chutes 
cast in the center of the bed direc 
chips to the back of the machine. A 


rack is cast between the ways for 
positive lock of the turret carriage. 
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Headstock transmission provides 
eight spindle speeds. Sixteen speeds 
can be obtained, when required, by 
use of a 2-speed, 1,800-900 r.p.m. 
motor. A rheostat and d.c. voltage 
motor provide variable speed. Clutch 
is combination disk-and-cone type. 
The low-speed drive to the spindle is 
through a heat-treated steel pinion to 
a heavy gear mounted on the spindle 
flange directly back of the chuck. 
This design minimizes torsional vibra- 
tion. High-speed drive is through a 
gear mounted directly back of the 
front spindle bearings. All gears are 
one piece, heat-treated alloy steel 
forgings, coarse pitch and wide face, 
shaved. The spindle is mounted on 
four precision-tapered roller, anti- 
friction bearings which carry both 
radial and thrust loads on the spindle. 
All other shafts are mounted on anti- 
friction ball bearings. 

Lubrication for all bearings, shafts 
and gears is by combination splash 
and automatic force feed. A positive 
displacement pump mounted inside 
the headstock and driven by the head- 
stock gearing supplies lubricant to 
force feed lines supplying the main 
spindle bearings. All other shafts and 
bearings run in a continuous bath of 
oil. Two sight oil gages are mounted 
on the rear of the headstock. Several 
Magnetic drain plugs are located in 
the housing to catch metal fragments 
and insure increased gear life. 
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Direct motor drive has a flange 
mounting with a special shaft ex- 
tension. The drive pinion is 
mounted on the motor shaft. The 
entire assembly is a single unit on 
the rear end of the headstock. 
Either 1,500 or 1,800 r.p.m. motors 
are available. 


Wide, flat-bed ways are of 
hardened alloy steel. They are 
dovetailed into the bed casting. 
Ways, which test 70 to 75 Sclero- 
scope, are ground in place to insure 
perfect alignment with the spindle. 
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Journal Box 


And Bearing Designed 


For Easy Adjustment — | ^et OES 


cover 


Tein 


Grease fitting- Es | 


SCREW-TYPE JOURNAL BOX COVER sim- 
plifies bearing adjustment in this new T NS 
bearing developed for mining locomo- odi Yj 
tives by Westinghouse Electric & Mfg. 

Company and Whitcomb Locomotive WM E. Besbib-rew 

Company engineers. Inside surface of NÑ anti-friction 
the cover bears against the outer race. 

Adjustment is made by tightening the 

cover and locking it in place. The 

cover is recessed to protect a grease 

fitting located in the center of the cover 

plate. A steel labyrinth at the rear of 

the box excludes dirt, retains lubri- 

cant. Wearing plates can be renewed. 


Plastics Replace Plated Metal 


Housineé and all working parts are injection-molded plated metal dispenser. Clear acetate top permits 
cellulose acetate in this new soap dispenser designed visual inspection. Other advantages of the plastic de- 
by West Disinfecting Company and produced by Gits sign are ease of production, lightness in weight, reduc- 
Molding Corporation. This design replaces a chrome- tion in shipping costs, improved appearance. 


. Celanese-Celluloid Corporation 


ae 
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Metal-Plated Wood and Plastics Parts 


ELECTROSTATIC SHIELDING and other electrical char- 
acteristics can be secured on lightweight, non-metallic 
parts by electrodeposition of metal using the Metaplast 
process. The aircraft antenna mast (top left) is built 
of Compreg wood to withstand loadings imposed by 
diving speeds. Conductivity is obtained by a thin cop- 
per plating. By plating the instrument panel (top 
right) and the molded plastic housing (lower left) 











» Electroplated 


copper 
oh 


impregnated and 
compressed wood 





Molded 
Plastic 
housing 


plating 


Copper and 
cadmium 


with cadmium and copper, certain electrostatic shield- 
ing characteristics are obtained. At lower right is 
shown a loop antenna molded of polystyrene, shielded 
with electrically-deposited metal. This process was 
described in an article published in Propuct Enet- 
NEERING, August, 1940, pages 364-366, covering tech- 
niques, service characteristics and advantages in de- 
sign of metallic coating on molded plastic parts. 
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Laminated 
plastic 


Electrostatic shield 
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WARTIME DESIGN NEWS 


SECRET WEAPONS: 

As American troops press their at- 
tacks deeper into Axis-held territory, 
the public learns almost weekly of 
new “secret weapons” which are being 
turned loose on the enemy with con- 
siderably more effect than those mys- 
terious paralyzing gases, death rays, 
anti-ignition system rays and the rest 
about which Nazi broadcasters prattle. 

While the layman has only frag- 
mentary knowledge of secret weapons, 
there can be only one conclusion in 
regard to the weapons-development 
race—that the United Nations have 
won it as conclusively as they won the 
final North African campaign. 

The Sperry machine gun sight. for 
instance, fails to muster the popular 
appeal drummed up by the conjec- 
tural ray which would render inoper- 
ative the ignition systems of approach- 
ing airplanes. but the fact remains 
that it is in action today and has been 
for months. and that with it our air- 
men are destroying hundreds of Ger- 
man planes. while the Nazis are not 
known to have stopped any Allied 
planes by an ignition ray. 


Aerial Cannon 


The Army 
luctantly—that it has a 75-mm. can- 
non. operating successfully enough to 
sink Jap destroyers. mounted in the 
North American B-25 medium bomber. 
Army men say that if the Japs have 
a similar weapon they have not yet 


disclosed recently -re- 


shown it. and it is logical to assume 
that if the Germans had one they 
would use it against the bombing raids 
which are steadily paralyzing the 
Reich’s industrial might. Instead they 
burst forth with a brief flurry of rocket 
guns mounted under the wings of their 
fighters, a development which struck 
momentary terror into the U. S. public 
after the loss of 60 Fortresses over 
Schweinfurt. A top-flight Army officer 
predicted shortly after that raid that 
rocket guns on fighters would fail to 
stem Allied bombings of Germany be- 
cause the installations cut down too 
seriously on the defenders’ maneuver- 
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Considerable redesign was necessary to fit the 75-mm. cannon into the North 
American B-25 Mitchell medium bomber shown here. Recessed into the ship 
and mounted in a blast tube, the gun is aimed by pointing the plane at the target 
and is fired by the pilot. The nose structure which accommodates the gun was 
shortened, the plastic canopy which formerly covered the bombardier was replaced 
by a metal skin, certain controls previously located in the forward compartment 
were moved back to the pilot’s compartment and armor plate was added. The 
redesign took 13,551 engineering man-hours and 380 new drawings. Gross weight 
of the plane was increased by about 2,000 Ib., of which the gun, its ammunition 
and redesign requirements are a part. 
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abilitv and speed, allowing escort 
fighters to destroy them at will. 

A recent issue of Aviation News, a 
McGraw-Hill publication. revealed 
that extra-large disposable gasoline 
tanks now permit Republic P-47 Thun- 
derbolts. North American P-51 Mus- 
tangs and Lockheed P-38 Lightnings 
“to go all the way on the big bombing 
missions." and the news of heavy 
losses to German rocket guns becomes 
steadily less. True, bomber losses 
over Europe grow monthly—but so 
does the number of attacking planes. 

The new aerial 75 weighs consider- 
ably less than the Army's famed 75- 
mm. pack howitzer, which weighs 
1.269 lb.. and apparently carries as 
many 3s 15 rounds of 26-in., 20-lb. 
projectiles. The secret spring-hydrau- 
lic recoil device was developed by the 
Ordnance Derartment at its Water- 
vliet and Rock Island arsenals. The 
present installation is a result of de- 
velopment which began more than 
four vears ago when a 75 was suc- 
cessfully fired from a B-18 at Aber- 
deen Proving Ground. The gun is 
installed in what was a passageway 
beneath the left side of the B-25 
pilots compartment, extending aft to 
the left forward side of the navigator’s 
cockpit. In firing tests, a rate of three 
shots in 10 sec. was achieved. 


Navy Secret Weapons 


Maj. Gen. Levin H. Campbell, Jr.. 
chief of Army Ordnance, announced 
recently that his department alone has 
“hundreds” of projects entailing en- 
tirely new devices. modifications or 
improvements of existing weapons in 
process. Adm. Blandy, who recently 
left the Navy’s Bureau of Ordnance 
for a sea command. broke traditional 
Navy secrecy wide open some weeks 
ago to confirm the existence of weap- 
ons which have been dubbed “impos- 
sible" by the enemy and which are so 
revolutionary as to preclude the pos- 
sibility of even mentioning which 
fields they fall into. This. of course. 
approaches the propaganda line of 
Radio Berlin. but the Navy has a 
sound reason for saying no more than 
that it has about such weapons. for 
when the Navy loses one. it goes to 
the bottom of the sea and leaves the 
enemy no wiser. whereas aerial and 
land weapons are captured and stud- 
ied by the enemy. But whether the 
Navy is propagandizing or not, the 
weapons it took into the North At- 
lantic U-boat fight have at this writing 
proved much more successful than the 
rocket cannon with which the German 
radio threatens London. 

One high Army officer reported re- 
cently that an anti-aircraft gun ef- 


Jap Flame Thrower Similar to Ours 
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Captured by Army troops in the 
South Pacific. this Japanese flame 
thrower is quite similar in outward 
appearance to our own one-man flame 
throwers. No comment was made on 
its efficiency. Marines used flame 


Photo by U.S. Army Signal Corps. 


throwers extensively and effectively in 
the conquest of Tarawa, and Army 
troops used them in the Buna-Gona 
and other New Guinea actions, along 
with rocket tubes, to silence Jap bunk- 
ers and pillboxes. 





fective up to 60.000 ft. is available to 
our forces, and a responsible Navy 
officer asserted that our radio-location 
equipment is known to be superior to 
that of the Germans in at least one 
important respect. The “automatic 
howitzer" about which captured Ger- 
man troops complained in the North 
African campaign proves to have been 
the 4.2 rifled mortar (PRopucr Ewci- 
NEERING, Dec. 1943, p. 770), and 
while the Army says virtually nothing 
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about the matter it is known that 
rocket tubes of greater caliber than 
the “bazooka” were used to smash 
Jap bunkers in the New Guinea fight- 
ing. Thus, the German rocket pic- 
tured in these pages last month does 
not represent a triumph in this field. 


Industry-Ordnance Team 


Less spectacular are the power nose 
and tail turrets which have added 10 
percent to the firepower of the Con- 
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Captured Artillery Being Used by Japs 


Army troops captured this Jap 
naval coastal gun of undisclosed cali- 
ber in the South Pacific theater. The 


solidated B-24 heavy bomber and the 
“chin turret” which increases the Fly- 
ing Fortress’ firepower by 20 percent 
in a particularly vital spot. Also avail- 
able is an outside bomb rack for the 
Fortress which, mounted on the wings 
between the engines, raises the bomb 
capacity by 33 percent. There are 
many more such improvements, small 
in themselves but collectively amount- 
ing to ever-increased firepower. Full 
credit for them must go to the “indus- 
try-ordnance team” about which Gen. 
Campbell likes to speak. The normal 
pattern finds ordnance producing the 
idea and working it out alone or in 
conjunction with industry, after which 
industry produces it in crushing num- 
bers. While attempts to split the credit 
between industry and ordnance are 
pointless, full recognition must be 
made of the fact that, in this war, 
Allied troops the world over gain su- 
periority with American-designed and 
produced weapons which come from 
the industry-ordnance team. In the 
last war, American troops fought 
largely with foreign-produced, and al- 
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weapon is apparently of Japanese con- 
struction, although it may have been 
captured from the United States or 


most completely with foreign-devel- 
oped, weapons. 


RECONVERSION SOON: 


About nine months after the earliest 
voices were raised to urge the resump- 
tion of manufacture of such consumer 
durable goods as automobiles, electric 
ranges, refrigerators and the like, it is 
becoming apparent that all this is a 
probability for late winter and early 
spring. Thereafter it will grow apace 
as the war is slugged out to a con- 
clusion. 

As the year nears its end there are 
no approved programs for the manu- 
facture of these goods, but the re- 
strictions on maintenance, repair and 
operating supplies under which indus- 
try has worked for two years or more 
are being eased. No longer are in- 
ventories controlled so rigidly. No 
longer is the hold-down on new capital 
goods so tight, as is witnessed by the 
approval of 30.000 new all-steel 
freight cars for 1944. Most materials 
are now in good supply, with re- 
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Great Britain. A number of the coastal f 
guns taken by the Marines at Tarawa f 
were captured at Singapore. 


strictions on their use being eased. 
Unusually enough, the manpower with 
which to produce consumer goods isf 
not causing the worry it evoked about 
Nov. 1. The War Manpower Commis 
sion lowered its list of critical labor 
shortage areas by almost 10 localities. 
and in some informed Washington 
quarters the belief is that by late 
winter the trick will be to provide jobs 
for people rather than people for jobs 
This has already been true in scat 
tered places hit by the ever-increasing 
flood of munitions “cut-backs,” but 
wherever possible it will be these l 
calities which will do the first work o 
consumer goods. 

There is a feeling in WPB that in 
dustries which need rehabilitation & 
a result of two or more years of peak 
operations with only a minimum 6 
maintenance should get the first ext: gl 
material, but the conviction grow 
daily that there will be sufficient mate 
rial and manpower both for industria! 
rehabilitation and for civilian pr 
duction on a scale that will be appre 
able, but far from business as usual 


Propuct ENGINEERING — January. 19% 





PRODUCT ENGINEERING EDITORIAL 


LET US RESOLVE .... 


The law of worthy life is fundamentally the law of strife; 
it is only through labor and painful effort, by grim energy 
and resolute courage, that we move into better things. 


—TuHeEoporE ROOSEVELT 


INDUSTRY HAS DONE AN AMAZING WAR JOB. In order to 
achieve gigantic production goals, patent rights were 
relinquished to competitors, secret techniques were inter- 
changed, time and ideas were freely exchanged between 
peacetime competitors. All this was done under a system 
that limited profits through the medium of renegotia- 
tions. 


It is not surprising that one of the byproducts of the 
amazing production record of the U. S. A. is a swarm of 
| "socialization" ideas. Thoughtlessly, one might attribute 
! the present production records largely to the elimination 
of patent restrictions, and the free interchange of ideas 
and techniques. It also can be pointed out that the con- 
| fiscation of profits through renegotiation did not visibly 
affect the final record. The erroneous conclusion is that 
socialization and high production go hand in hand. 


One might conclude that the Kilgore Bill for the elim- 
ination of private research and patent rights stems from 
the thought that what has been done in the stress of war 
| will be good in the peace years to come. The “cradle-to- 
the-grave” philosophy, the nebulous plans that “govern- 
ment” should guarantee every child a free education up 
to a Ph. D., and the innumerable other “social uplift” 
ideas seem to have received great encouragement by the 
results of the war effort. 


The fallacy in using wartime accomplishments as cri- 
teria for peacetime aims lies in the failure to recognize 
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the motivating forces. War is a struggle for survival. 
During such a period man is motivated by the urge for 
self-preservation, the strongest of all animal passions. So 
strong is this instinct that people give their all, their 
lives and their fortunes, to preserve for posterity their 
way of living, their inherent rights, their dignity as 
creatures of God. The moment the bells ring out the news 
of final victory, the motivating force of self-presetvation 
vanishes. 


When we enter the coming era of peace, we revert to 
the same motivating forces that have always governed 
the activities of men. In the 6,000 years or more of 
recorded history, the profit motive has been the only 
incentive that has been found effective. Innumerable 
attempts have been made to found a society wherein all 
shared alike regardless of the relative productivity of 
the individuals. Perhaps the most significant failure of 
such schemes was that of the early Christians who ate 
freely at a Common Table. In spite of the intense reli- 
gious fervor that motivated them, Saint Paul was com- 
pelled to issue an edict, “He who does not work shall 
not eat.” Soon the Common Table had to be abandoned. 


There is no substitute for the profit incentive. If there 
is no promise of profit, however slim that promise might 
he, only a fool would waste his efforts for the common 
good. Let us therefore resolve that as soon as this war is 
over, we shall rebuild our national economy on the basis 
of competition and reward for accomplishment. Let us 
resolve to be realists and admit by thought and action 
that “the law of worthy life is fundamentally the law of 
strife; it is only through labor and painful effort, by 
grim energy and resolute courage, that we move into 
better things.” 





C. B. Livers, a graduate of the University of 
Washington, Seattle, Wash., where he received 
his Mechanical Engineering Degree in 1929, 
served on the engineering staffs of Boeing, 
Douglas and Fairchild. and in January, 1936, 
joined the Consolidated Vultee Aircraft Cor- 
poration as hydraulics engineer. A “veteran” 
in the field of aeronautical engineering, Mr. 
Livers is now in charge of mechanical design 
for the corporation’s San Diego, Calif., plant. 


Hydraulic 


Power Systems 


Increase Aircraft Efficiency 


C. B. LIVERS 


Hydraulics Engineer, Design Staff, Consolidated Vultee Aircraft Corporation 


Simplified operation of hydrau- 
lic devices is described as su- 
perior for heavy-load duties 
such as landing-gear retracting 
mechanisms. Arguments are 
presented which tend to justify 
use of both electric and hydrau- 


lic systems in aircraft. 


HE problem of deciding what 

type of auxiliary power should 

be employed in a new airplane 
design is very old. It has been with 
us so long that we now find it nar- 
rowed down to two basic systems: 
Hydraulic and electric. Of course, 
there are other systems such as air 
under pressure or vacuum, but they 
have not been put to general use. 
The fact that the auxiliary power 
problem has more or less become 
narrowed to a struggle between hy- 
draulic and electric systems is really 
a healthy condition. It brings on 
competition which is beneficial to 
both. It brings about improvements 
in weight, cost, reliability, operation 


Stinger! The “biting” end of the Liberator bomber is this hydraulically-operated 
tail turret mounting two .50 caliber machine guns. Safe, sure, dependable power 


is assured for raising, lowering or swinging the guns sideways in battle. 
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and maintenance. It inspires design- 
ers to develop new and better appli- 
cations. 

Strong forces directed toward sim- 
plification are constantly at work. The 
declining use of air and vacuum sys- 
tems is a direct result of these forces. 
Proponents of electric systems argue 
that there is hardly anything which 
can be done hydraulically which can- 
not also be done electrically. whereas 
it would be difficult to imagine oper- 
ating lights and radio hydraulically. 
Because of the apparent universal 
application of electricity and the 

somewhat limited application of hy- 
draulic power, the argument favoring 
a single electric system to furnish all 
auxiliary power is frequently heard. 
This is a sound argument and worthy 
of serious consideration. The only 
argument against it is the evidence 
pointing to certain applications where 
hydraulic power does the job in su- 
perior fashion to such a degree that 
the additional complication is justi- 
fied. 

Generally the weight picture is 
favorable to hydraulic operation when 
the service being performed involves 

heavy loads such as in landing-gear 





retracting mechanisms, wing flaps, 
bomb doors and gun turrets. The 





services mentioned require relatively 
slow speeds corresponding closely to 
the operation of hydraulic cylinders 
which can be coupled directly to the 
mechanisms. The resulting simplicity 
has no equal in electrically-powered 
devices. Electric power for such de- 
vices must come from motors designed 
to run at high speeds in order to re- 
duce the weight as much as possible. 
With them must be used gear boxes 
with large reduction ratios. The 
gears are expensive; they wear out 
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Tricycle landing gear of the Liberator 
bomber consists of two main landing 


wheels, and a nose wheel. Operation 
of the landing gear control valve on 
the left-hand side of the control pedes- 
tal raises or lowers the wheel units. 
Schematic drawing shows the airplane 
preparing to land with wheels gradu- 
ally assuming the full lowering position. 


Steerable nose wheel 
installation demonstrates 
delicate control with fol. 
low-up. Power from the 
main hydraulic system 
drives the main actuating 
piston and is controlled 
by a small four-way valve 
built integrally to the 
protruding aft piston rod. 









and present bearing problems. The 
gear boxes, jack screws and the mo- 
tors themselves suffer seriously from 
high altitudes and low temperatures. 
In contrast, hydraulic cylinders are 
not affected by altitude and they are 
now designed to operate satisfactorily 
at —65° F. They require no limit 
switches, magnetic clutches or mag- 
netic brakes. 

Another great simplification made 
possible by the use of hydraulic power 
exists in the type of emergency oper- 
ating equipment in current use. With 
very little increase in weight it is 
possible to perform emergency opera- 
tions through separate lines. using oil 
from an emergency reservoir, the 
energy being supplied by a man 
operating a hand pump located in a 


convenient place in the airplane. 
Emergency operations are commonly 
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performed on electric-powered sys- 
tems by means of mechanical controls 
such as torque shafts, additional gears 
and hand cranks. Because of the high 
weight penalty involved in the use of 
these mechanical emergency controls, 
they are generally located inconven- 
iently for operation by a man. Like- 
wise, they are located as near to the 
work as possible for the same reason 
and the convenience of being able to 
perform emergency functions from a 
central point is lost. 

Reliability is a subject frequently 
brought up in comparing the merits 
of these two power sources. The 
arguments seldom lead to anything 
conclusive because of lack of cor- 
roborating evidence. For example: 
Service reports taken from a large 
number of airplanes in service with 
the armed forces show somewhat 
fewer troubles with hydraulic equip- 
ment than with electric equipment. 
However. it is recognized that this 
ratio is probably as it should be be- 
cause of the greater quantity of elec- 
tric equipment installed in the par- 
ticular airplanes mentioned. Reports 
of this kind are of little value as far 
as proof one way or the other is con- 
cerned. It is believed safe to say, 
however, that they do not provide the 
means of making an outstanding 
choice. One bit of evidence attesting 
to reliability is the fact that hydraulic 
equipment in general is naturally not 
delicate. For this reason it suffers 
considerably less from abuse than the 
more fragile electric equipment. 

It has been demonstrated repeat- 
edly thet hydraulic equipment can be 
repaired under extremely adverse con- 
ditions of weather and facilities. In 
remote places where repair materials 
are virtually unavailable it is possible 
to keep hydraulic equipment in oper- 
ation. This is far more difficult with 
electric equipment because of the 
highly specialized method used in its 
manufacture. Such common repairs 
as rewinding armatures or recondi- 
tioning commutators are strictly im- 
possible at advanced bases. In order 
to make repairs it is necessary to do 
so by complete replacement of the 
inoperative piece of electric equip- 
ment. This means more expense and 
much more work for the communica- 
tion system. It means that complete 
spare units for the electric system 
must follow closely behind the actual 
airplane wherever it goes. On the 
other hand, in nearly all cases, hy- 
draulic units can be repaired without 
any special equipment or facilities. 
This, of course, does not apply to 
seriously damaged parts whether they 
be electric or hydraulic. 
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Path of flow in the hydraulic system used to raise and lower flaps. 


The flap 


control or selector valve is operated by a lever on the right-hand side of the pilot’s 
pedestal, Both right and left wing flaps are operated through a single jack by 
means of cables attached to a crosshead on the piston rod, and leading to the flaps 
through a pulley system, so arranged to pull flaps out and down or in and up. 


It is believed that what has been 
said is sufficient to justify the use of 
both electric and hydraulic systems in 
aircraft. Once this has been estab- 
lished, an entirely new field of devel- 
opment is open for the general im- 
provement of the whole airplane. This 
development takes form in electrical- 
ly-controlled hydraulic equipment. By 
this method it is possible to take 
advantage of lightweight electric con- 
trols as well as the lightweight hy- 
draulic means of performing heavy 
work. It has been argued that this 
combining of the two systems has the 
effect of adding the vulnerability of 
both, seriously reducing the reliability 
of the whole. This need not neces- 
sarily be true. It is possible, for a 
negligible addition of weight, to pro- 
vide manual over-ride means of oper- 
ating all hydraulic units which would 
ordinarily be operated by solenoids. 
These must be located so as to be 
accessible in flight but not necessarily 


in a conveniently accessible position. 

One good example of electric and 
hydraulic equipment working together 
in perfect harmony can be cited in 
the engine driven generator drives 
now under development. On certain 
large airplanes several alternators 
must be driven in perfect synchronism 
and at constant speed by individual 
engines of speeds varying independ- 
ently from 900 r.p.m. to 2,700 
r.p.m. A function of this kind, ordi- 
narily very difficult, falls into a fairly 
reasonable solution when done hy- 
draulically. Variable displacement 
drives of this type have been used in 
industrial applications for many 
years. Their efficiency, compactness, 
and lightweight features are well 
known. 

It is believed that electric and 
hydraulic functions can both profit by 
mutual assistance. Often one system 
profits greatly by taking advantage of 
something the other has to offer. 
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150 1b. per sq. in. min. 
250 Ib. per sq.in.max. 


Position No.} 
Neutral 


Nose wheel shimmy damper function is a case in point for hydraulics. 


Movement of 
nose wheel 


---Air valve 


A 


Position No.2 
Being Compressed 


Schematic 


drawing shows that in landing or take-off a violent vibration would be set up in 
the nose wheel assembly were it not for hydraulic stabilizing action obtained by 


use of an accumulator in the line. 


Accumulator pressure restricting the fluid 


flow compensates for the irregularities of terrain and outside wind pressures. 


Certain mechanisms, which lend 
themselves to hydraulic control alone 
with greater efficiency, are believed to 
be brake systems, landing-gear shock 
struts, landing-gear retracting mecha- 
nisms, wing flap operating mecha- 
nisms, bomb door or large cargo door 
operating mechanisms, gun turrets, 
control booster systems and steerable 
nose or tail wheels. There are also 
frequent occasions when in specialized 
mechanisms of various types actuation 
by hydraulic power is found desirable. 

It will be noted that the services 
which are best suited to hydraulic 
power fall into two classes: (1) Those 
requiring an abundance of low-speed 
power and (2) those requiring a fol- 
low-up control, a feel, a delicate 
metering control or a combination of 
any or all. Landing gears, wing flaps 
and doors fall in the first class. The 
other mechanisms listed fall into the 
second cłass. 

An example of delicate control with 


follow-up is offered in a steerable nose 
wheel installation. In this installation, 
power from the main hydraulic sys- 
tem drives the main actuating piston 
and is controlled by a small four-way 
valve built integrally to the protrud- 
ing aft piston rod. Fluid is conducted 
from the four-way valve to opposite 
sides of the power piston by utilizing 
the hollow piston rod and a hollow 
tube through its center. The valve is 
caused to move in the same direction 
that it tends to make the piston move, 
hence the follow-up. When the power 
piston has moved far enough to neu- 
tralize the four-way valve it stops. 
This position will always correspond 
to the position to which the four-way 
valve is moved. 

In order to make the four-way valve 
move in response to movement of the 
steering wheel, the auxiliary hydraulic 
remote control is provided. A master 
cylinder is caused to operate by move- 
ment of the steering wheel. Master pis- 
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Return movement 
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Return to Neutral 


ton operation causes displacement of 
fluid which, in turn. actuates the slave 
piston on the power unit. The slave 
piston, which is attached to the four- 
way valve, moves the valve in response 
to movement of the wheel. This con- 
trol, when properly bled and pre- 
loaded, is extremely positive and 
smooth and has no apparent lost mo- 
tion. 

The four-way valve is made so 
that it operates with a minimum of 
travel. The result is that control from 
the hand wheel has a feeling of being 
directly coupled to the nose wheel; 
yet, with an abundance of power for 
steering very little is required at the 
wheel. The power cylinder is not only 
self-locking but resists shimmy as well. 

It is believed that devices of this 
type and others mentioned are made 
to work hydraulically with great sim- 
plicity while it would be difficult to 
imagine a similar result by electric 
means. 

On the other hand, it will take some 
head scratching to make the radio, 
lights and interphone system operate 
hydraulically. 
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Simplified Method 


For Designing Beam Sections—I 


WILLIAM L. GOVAN 


Engineer, Dominion Engineering Works Limited 


Development of a procedure for proportioning beam sections as used for 
machine parts to resist known bending loads alone or bending loads combined 


with direct axial loads. Charts and equations are presented that eliminate the 


necessity of making many calculations by trial and error methods. 


KILL and experience are re- 

quired to design, without wasted 

steps, a section to resist bend- 
ing. Because of the multiplicity of 
possible proportions and the complex- 
ity of the design formulas, a direct 
solution is usually considered impos- 
sible. 

Common practice often limits the 
permissible working stress according 
to the type of machine, rather than by 
calculating individual factors of safety 
for each part. Time is saved by elim- 
inating calculations to determine fac- 
tors of safety, but such short cuts are 
dangerous unless changes in speed 
and shock conditions are carefully ap- 
praised. Many parts have failed be- 
cause permissible working stresses, 
originally conservative, were not cor- 
rected in successive designs to com- 
pensate for changes in conditions 
brought about by gradual increases in 
speed. 

When a composite factor of safety 
consists of individual factors for stress 
reversal, fatigue, shock and ignorance, 
the reversal factor for a beam section 
commonly has a value of two. Fully 
reversed stress requiring the factor 
three is rare except for bending on 
rotating shafts. 

Choice of the ignorance factor is 
closely related to the constant used in 
the equation 

Bending Moment = Load X Span/Con- 

stant (1) 
For mid-span this constant varies 
from four for a simply supported 
beam with concentrated load, to twelve 
for a uniformly loaded beam with fixed 
supports. Many designers modify this 
constant to obtain an additional fac- 
tor of safety, giving the constant an 
arbitrary intermediate value to keep 
the bending moment on the large or 
safe side when conditions of loading 
or support are not definitely known. 
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When this is done the overall factor 
of safety may be less than when the 
correctness of the moment calculation 
is in doubt. 

Another approximation is necessary 
when the weakest section of a beam 
lies in a plane or combination of 
planes, not perpendicular to the span 
as when the beam flange or web is 
interrupted by holes not lying on the 
same line normal to the span. When 
the weakest section, taken partly nor- 
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Fig. I—Relation between flange areas, 
web area, neutral axis and section 
depth used in deriving approximate 
formula for distribution of stresses. 
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Fig. 2—Component parts of equivalent 
channel section used in deriving for- 
mulas for moments of inertia and sec- 
tion modulus of a beam section. 


mal. partly diagonal and occasionally 
even partly parallel to the span to 
join-up adjacent holes, is combined 
with the greatest moment on any part 
of this section the calculations are on 
the safe side and a lower factor of 
safety may be used. 

For C-frames like those used in 
machines such as riveters, shears, and 
open-gap presses. the factor of safety 
should be large enough to compensate 
for the effects of stress concentration 
at the corners of the frame. 

For curved frames, low stresses 
should be used unless curvature fac- 
tors can be incorporated in the cal 
culations. 

Many bearing and gearing catalogs 
list valuable data on shock, life and 
fatigue conditions for various types of 
machinery. Such factors are more 
definitely known and determinable for 
bearings and gears than for other ma- 
chine parts. But relative values from 
these tables are applicable, by analyz- 
ing for the factor of safety, to any 
element of a machine. 


Determining the Section 


After allowable stresses have been 
determined for tension, compression 
and shear, the next step is to calculate 
the loads, axial and transverse. Next, 
the bending moment should be de- 
termined. To select a practical shape 
to resist the loads, a dimension for 
the depth is assumed. This dimension 
may but should not require modifica- 
tion later. It may be set by propor- 
tioning from previous designs, by 
making it a ratio of the span, or to 
suit the limits of established clear- 
ances. 

For unsymmetrical sections, the next 
assumption is the position of the neu 
tral axis, which is maintained constant 
throughout all subsequent calcula 
tions. This procedure is advantageous 
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when the bending moment depends on 
the position of the neutral axis. In 
most trial and error methods the 
center of gravity is left to chance and 


is only definitely known after the 
final trial. 
When 
S. — allowable compression stress, lb. per 
sq. in. 
S, = allowable tension stress, lb. per sq. 
in. 
Z. = section modulus in compression, 
in? 


Z. = section modulus in tension, in. 
d = overall depth of section, in. 


x = distance from extreme fiber in ten- 
sion to neutral axis, in. 


y =d — x = distance from extreme 
fiber in compression to neutral 
axis, in. 

k — z/d — ratio of distance from ex- 
treme fiber in tension to neutral 
axis over total depth of section. 

The neutral axis of a section as 

shown in Fig. 1 is located by 


S. Zi y 1—k 
LEST 8 
Therefore 
x 1 


b-31"7/2511 (3) 


For materials equally strong in ten- 
sion and compression 
S./S, = 1 
For other materials where the limit is 
set usually by practical reasons, not 
by allowable stress ratios, 


S./S: = 1% to 2 
For symmetrical sections 
k=% 
Next. any bending moments de- 


pendent on the position of the neutral 
axis should be calculated. 

When shear exists the minimum 
sum of all individual web thicknesses 


BN. 
LF LL 


© 
Š 
«x 
— 
N 
" 
x 
D 
o 
+ 
o 
5 
u- 
c 
2 
- 
o 
v9 
D 
L 
o 
o 








kotke 
L Lea | | ER Ld 
PPro CEE 


t, should then be determined from 
A. = area of web, sq. in. 


W = transverse load producing single 
shear, Ib. 
S. = allowable shear stress, lb. per 
sq. in. 
Ae W 
e = - — ) 
t d Sd (4 


Note. d is the net depth. that is. the 
total depth less the sum of the widths 
of any holes. 

For many designs the thickness 
found by this method will be too thin 
to be practical, especially with cast 
sections, and must be increased to 
suit the depth of section or the metal 
thickness of adjacent parts. The web 
when not subjected to shear must be 
proportioned from practical consid- 
erations. 

For deep sections without transverse 
stiffening ribs the web shear (which 
equals diagonal compression) must be 
reduced by the column formula when 
the clear distance between the flange 
is greater than 60 times the web 
thickness. Such sections are rarely 
encountered in machinery. 


Bending Only 


When proportioning flanges for 
bending only the tension flange area 
A, and the compression flange area 
A., Fig. 1, are approximated by ignor- 
ing the flange thicknesses and the ma- 
terial in the web. Then taking mo- 
ments about the neutral axis 


A, — area of tension flange, sq. in. 

A. = area of compression flange, sq. in. 
I = moment of inertia of section, in.‘ 

Ax = Å. (d — z) 
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Also I= AtA (d — x)? 
Combining 
12 Ai:2? 4- Aix (d — zz) 
and 
Zi. — I/z 2 Az 4- Ac(d — x) = Ad (5) 
Z. M , 
smg "Wd (6) 
Z. M . 
"E . (6a) 


These approximations apply to both 
symmetrical and unsymmetrical sec- 
tions. The tension flange width and 
thickness can be selected to suit Equa- 
tion (6). If the previously assumed 
depth and web thickness are then 
seen to be impracticable, they are 
readily modified at this stage in the 
calculations. 

The area A4, given by Equation (6) 
will obviously be too large for deep 
sections with relatively thin flanges 
and heavy webs, and vice versa. Since 
the method described in this article is 
self-correcting in the final stages, it is 
not essential to apply a correction 
factor at this point unless the flanges 
are relatively very thick. But it is de- 
sirable to make the first approxima- 
tion as accurately as possible by means 
of such a factor, so that some of the 
final steps may perhaps be omitted. 

A study of the error involved by 
ignoring the flange thicknesses and 
the material in the web in deriving 
Equation (6) is helpful towards an 
understanding of this method. As- 
sume a section like that shown in 
Fig. 2 and take moments about the 
neutral axis, then 

A.p — Åu? 


A= — (7) 


Ignoring the individual moment of 
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Fig. 3—Values of correction factor K for symmetrical sections with ratios of web area to flange area of two, and of one-half. 
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Fig. 5—Correction factor K when the tension section modulus is one and three quarters times the compression section modulus. 


inertia of each flange about its own 
center of gravity. the total moment of 
inertia / is 

Af 
I-A P AL FAL? ES (8) 
Combining with Equation (7) 


I = Ap (p +9) +23 122 4- d! — 1224) 
(9) 


t= 4? 
D ta eter 


iw 
12k d 
Therefore, the error involved is meas- 
ured by the ratio of the value of Z, 
as expressed by Equation (10) to the 
value of Z, as expressed by Equation 
(5), which is 
p (p t 9) 
— 
A, 
A, 12k d* 


(127 + d? — 1229) (10) 


(1222 + d@ — 122¢) (11) 


28 , 


Expression (11) is then a correction 
factor and can be designated as K. 
With m — t,/d — ratio of tension 
flange thickness to total depth of sec- 
tion 
n= &/d = ratio of compression flange 
thickness to total depth of section 
p=kd—Ymd=d(k— Ym) (12) 
q=d(l—k)— Ynd 
-d(l- k- Yn) (13) 
z = d — kd = Ved (1 — 2k) (14) 
Substituting these three equations 
in Equation (11) and simplifying 
—2n+mn m+n, 
4k ae. 
A,.f1—n,3n—2 
At ( 2 + 13k 
For symmetrical sections Equation 
(15) reduces to the simpler form 


2 
karys 


ti(15) 


A. 
K = (1 - ta. (16) 
Values of K are plotted on the 


chart Fig. 3 for symmetrical sections 
with the ratios 4,/4, equal to 2 and 
to l5. It will be observed that these 
two curves are parallel. A straight 
line mean is also indicated. 

In Fig. 4 are shown values for K 
when Z,/Z. equals 144 for four dif- 
ferent proportions of section elements: 
(1) When the tension flange thickness 
t, is equal to the compression flange 
thickness tą and the web area A, 
equals twice the tension flange area 
A,; (2) same as (1) except that web 
area A, equals half the tension flange 
area A,; (3) when the tension flange 
thickness ft, is equal to three times the 
compression flange thickness t, and 
the web area A4, equals twice the ten- 
sion flange area A,; and (4) same as 
(3) except that web area A, equals 
half the tension flange area A, A 
straight line curve approximating the 
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Fig. 7—Composite of all straight line curves drawn through the mean of the correction factor K curves of Figs. 3, 4, 5 and 6. 


mean is also indicated. Figs. 5 and 6 
show similar curves for Z,/Z. equal to 
134 and 2 respectively. 

Note that the ratio A,,/A; is a 
maximum with symmetrical sections 
and decreases as Z,/Z, increases, so 
that a mean value taken off a chart is 
usually more accurate for an un- 
symmetrical section. On the other 
hand, symmetrical sections are less 
likely to have very thick flanges. The 
effect of the compression flange thick- 
ness on the value of the correction 
factor is seen to be slight. 

The chart of Fig. 7 is a composite 
of all the straight line curves drawn 
through the mean of the curves of the 
previous charts. These lines can be 
drawn parallel to each other with very 
little error. The corresponding equa- 
tions are 


For Z./Z.= 1, K =1.2—1.7m (17a) 
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For Z:/Z, = 1%, K = 1.1 — 17m (17b) 

For Z,/Z. = 134, K = 1.03 — 1.7m (17e) 

For Z,/Z. = 2, K = 0.98 — 1.7m (17d) 

These equations can be used in- 
stead of the charts if preferred. 

With correction factor K deter- 
mined from chart or equation, pos- 
sibly with modifications to suit the 
ratio A,/A;, the tension flange de- 
rived from Equation (6) can be al- 
tered to suit the corrected flange area 
by restating Equation (6) thus 


Z, _ Aa 
Kd K 

If thickness of tension flange is 
unchanged 


Ae = 


be = b/ K (18) 


It is preferable to correct the area 
by altering the breadth b as any con- 
siderable change in thickness t, re- 
acts again on the factor K. 


1944 


At this point it is necessary to as- 
sume the compression flange thick- 
ness for an unsymmetrical section. 
From Equation (7) the flange width 
will be 

A. p — A.Z 
v teq (19) 

Values for p, q and z are easily cal- 
culated, once the flange thicknesses 
are settled, from Equations (12), (13) 
and (14). These may be rewritten as 

p=z— Mt (20) 

q-y—li-d—z-Mt (21) 

z= Kd- r (22) 
Editor’s Note: In Part II, which will 
be presented in February Propuct 
ENGINEERING, the author summarizes 
and concludes this analysis, and 
describes the procedure for checking 
and correcting preliminary calcula- 
tions to obtain dimensions for the ac- 
tual section. 
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Resinous Products & Chemical Company 


Stiffener ribs are attached to a plywood skin by an assembly adhesive in the plant of Grand Rapids Industries 


New Glues Stimulate Design 


In Bonded Constructions 


Descriptions of new types of adhesives developed or improved during the war for wood 


and plywood and for joining sheet metals with bonds stronger than rivets or spot. 


welding. 


among the few types 


EW glues for joining wood 
members and other structural 
material including metals have 

been developed under the impetus of 
war. This has led to entirely new 
fabricating methods for applying and 
setting the adhesives, and to new types 
of plywoods and constructions. These 
include new methods of making and 
shaping plywood to compound curves, 
new procedures in applying heat and 
pressure to set glue joints, and new 
ways of arranging wood grain in ply- 
wood for maximum strength. These 
factors combine to create many new 
possibilities in engineering design. 
The term “glue” as used here in- 
cludes all types of glues, cements and 
adhesives used for bonding purposes. 
In general, most adhesives for wood 
have low cohesive strength, and the 
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Principal considerations involved 


that 


are now 


thinner the glue layer (theoretically 
down to molecular thickness) the bet- 
ter the adhesion and the stronger the 
bond. Hence the necessity for high 
pressure in forming the bond. Pres- 
sure and heat are also employed in 
glue-bonding metals. It appears that 
at least some cements of this class do 
depend on cohesive strength and flex- 
ibility to take joint stresses and that 
the glue layer may be 0.003 to 0.005 
in. thick. 

Thermo-setting synthetic-resin glues 
have gained an important place in ply- 
wood manufacture and wood assembly 
gluing. Phenolic and urea resins are 
most important quantitatively but me- 
lamine resins have also proved satis- 
factory. A new type of thermo-setting 
adhesive of undisclosed composition is 
reported. Casein glue has been largely 


in selecting the 


most suitable adhesives 


specified for these applications are presented. 


displaced but has some advantages 

that often make it worth consideration 

in structural applications. 
Phenolic Resins 

Phenol-formaldehyde resins meet 
the most rigid tests now specified for 
plywood manufacture and wood as 
sembly gluing. They are highly re- 
sistant to moisture and mold, and 
properly made bonds retain their high 
strength after being boiled for 3 hr. 
in water. Phenolic-resin glues are fire 
resistant to temperatures above those 
that char wood. Among the resins, 
their cost is comparatively low. 

The hot-setting type of phenolic- 
resin glues set at 240 to 300 deg. F. 
and are the most satisfactory of this 
class. Pressing time is a few minutes 
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at 175 to 250 lb. per sq. in. When 
used in the bag-molding process for 
shaping plywood to various contours 
the temperature must be somewhat 
lower and the pressing time increased 
three or four times. 

Warm-press glues have been devel- 
oped that can be set as low as 110 
deg. F. but pressing time is a few 
hours instead of minutes. If used in 
bag-molding processes, fluid pressures 
can be considerably less because of 
more uniform application over sur- 
faces. 


Urea Resins 


Urea-resin glues are far superior in 
water and mold resistance to the older 
casein glues but do not withstand 
moisture at temperatures above 160 
deg. F. as well as do the phenolic 
resins. Urea-resin glues can be set 
either with or without heat, and repre- 
sent the only resin glue suitable for 
“cold-setting.” 

The hot-press urea-resin glues set as 
quickly as phenolic-resin glues, but 
the cold-setting type require higher 
pressures and more time than do the 
casein glues. However the British 
have developed modified cold-setting 
urea resins that are said to make 
bonds at merely positioning pressures. 
These “cements” are claimed to have 
mechanical strength equaling casein 
bonds, and durability and water re- 
sistance meeting Army-Navy specifica- 
tion for cold-setting resin glue. They 
are now being produced in the United 
States for Canadian aircraft assembly. 

Certain hot-setting urea resins modi- 
fed by the addition of resorcinol, 
resorcinol-formaldehyde. melamine- 
formaldehyde or other agents have 
been developed to meet the most se- 
vere weathering requirements and re- 
lated Army-Navy tests. At least one 
of these urea-type adhesives sets at 
lower temperatures, which is impor- 
tant in bag molding. A large propor- 
tion of aircraft plywood made in Eng- 
land contains these types of glue and 
their use in the United States is re- 
ported to be increasing. 


Melamine Resins 


Melamine-formaldehyde resin glues 
that cure by hot-pressing at tempera- 
tures generally lower than hot-press 
phenolics without the use of acidic or 
alkaline hardeners have been devel- 
oped. Melamine-type glue bonds are 
characterized by high shear strength 
and high wood failure in shear or 
knife tests both dry and after the boil- 
ing water test; freedom from discolor- 
ation of wood; excellent flame re- 


sistance, and strength and durability 
close to those of phenolic bonds. The 
present cost of melamine resins is high 
in comparison with phenolic glues. 


Casein Glues 


Casein glues with considerable re- 
sistance to moisture and mold were 
developed before synihetic resin types 
became available. This glue makes 
strong bonds and is satisfactory where 
moisture conditions are not too severe. 
It is used for assembly of the de Havil- 
land Mosquito bomber, described in 
the November and December, 1943, 
issues of PRopuct ENGINEERING, and 
on other British warplanes. 

Requiring much less pressure than 
the 50 lb. minimum for cold-setting 
urea resins, casein glues are favored 
for assembly gluing in aircraft, partic- 
ularly where balsa wood is used. 


Unidentified Glue 


An unidentified new thermo-setting 
adhesive containing “none of the sub- 
stances previously common to adhesive 
manufacture” and used for bonding 
the molded plywood bodies of military 
helicopters was announced by du 
Pont recently. It is reported to with- 
stand the 3-hr. boiling water test. 
More costly than other common ply- 
wood bonding agents, the adhesive is 
said to compensate by its flexibility at 
low temperature, ease of application 
in the bag-molding process, and lower 
weight. Censorship prevents publish- 
ing further information. 


Glue Selection 


There are three major considera- 
tions in the selection of a glue for 
making wood joints: (1) Durability 
of the bond, (2) simplicity and ease 
of use, and (3) economy. Plywood 
selection also involves glue specifica- 
tions. The design engineer’s problem 
is one of specifying the right combina- 
tion of wood species and bonding ma- 
terial to suit service requirements. 

Hot-setting glues are stronger and 
more durable than the cold-setting 
types but are often unsuitable in 
making assembly joints because of the 
difficulty of applying heat and pres- 
sure. 

The chief disadvantage of cold- 
pressing is that setting time is in- 
creased from a few minutes to a few 
hours and the speed of acquiring final 
strength and water resistance is in- 
creased from a few hours to several 
days. 

The relative ease of using various 
glues had already been indicated. If 
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volume of production is large, it might 
pay to reduce setting time by means of 
hot-press equipment and special dies 
or fixtures for applying heat in points 
hard to reach. Recent development of 
high-frequency electrostatic heating is 
solving this assembly problem, par- 
ticularly with the comparatively low- 
temperature hot-press urea-formalde- 
hyde resins, but lack of equipment 
prevents its more general use at pres- 
ent. This method is ideally adapted 
to reaching glue lines through con- 
siderable thicknesses of wood without 
damaging the wood. Certain problems 
involving uniformity of heating have 
been subject to controversy but the 
method is reported to have advanced 
wood fabrication immeasurably. 

Durability of a glued wood joint 
depends primarily on the quality of 
workmanship, which involves design of 
the joint, arrangement of wood grain, 
proper application of heat and pres- 
sure to suit the type of wood and glue 
used, maintenance of glue quality dur- 
ing application, proper application, 
and other factors. Durability of the 
joint should be at least as great as 
that of the material joined. Factors 
that affect durability in service are 
exposure to water, humidity. heat. 
cold, changes in these conditions as 
the result of climate, contact with 
chemicals, chemical vapors or gases. 
and type of loading. 

Excellent guides to the selection of 
wood glues are reports of the Fores 
Products Laboratory such as No. 1336 
on “Synthetic-Resin Glues,” No. 1337 
on “Glues for Use in Aircraft,” No. 
1345 on the “Effect of High and Low 
Temperature on Resin Glue Joints in 
Birch Plywood,” and No. 513, which 
lists publications on glue and ply- 
wood. This laboratory at Madison, 
Wisconsin, is a branch of the United 
States Department of Agriculture. 


Among the most important of the 
government plywood specifications is 
Army-Navy AN-NN-P.51lb for air- 
craft flat-panel plywood and veneer 
“used in fabrication of structural and 
highly-stressed parts such as wing and 
fuselage coverings, wing rib webs. 
etc.” Since glues for this service must 
meet severe tests, hot-press thermoset- 
ting resin glues are required. Phenolic- 
resin glues, on which there is ample 
service experience. are generally used. 

Specification AN-P-43 of the Army 
and Navy for molded aircraft plywood 
has the same dominant requirements 
as AN-NN-P-51lb. Limitations of bag- 
gluing require that setting pressures 
and temperatures be lower than can 
be applied to flat panels, and pressing 
time must be three to four times as 
long. Not all of the glues that are 
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Charging the autoclave in flexible bag-molding of an airplane fuselage at the Fairchild Aircraft Company 


suitable under AN-NN-P-511b can be 
used. 

Cold-setting resin glues are covered 
by specification AN-G-8 of the Army 
and Navy. In this class the urea resins 
are nearly always used and the specifi- 
cation is generally considered as being 
limited to them. 

Material cost is more of a competi- 
tive question among producers than a 
design problem since glue cost usually 
amounts to 1 or 2 percent of the total 
material cost of a part or product, and 
at most to only 4 or 5 percent. Com- 
parisons of over-all economy involve 
many variables and require a detailed 
study of each application. 


Forms of Glue 

Résin glues are available generally 
in powder, film, and liquid forms, the 
last usually in water solutions. Dry 
powders and film have a longer stor- 
age life than the solutions. Powders 
are dissolved in cold water when ready 
for use. Working life of both phenolics 
and ureas in solution is reasonable 
but precautions are necessary to as- 
sure application of fresh glue. 

Phenolic-resin-impregnated paper 
tissue. commonly known as Tego film. 
need only be dimensioned, interleaved 
and hot-pressed in the manufacture of 
plywood. while liquid applications in- 
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volve measuring, mixing, spreading, 
predrying, and hot-pressing. Film 
assures a known amount of resin and 
is a clean and quick operation adapted 
to the thinnest veneer. Liquid glues 
permit an adjustable spread but 
place far more responsibility on work- 
men. Film requires somewhat closer 
control of moisture content of the 
wood and better surface quality. 

Usually catalysts and sometimes ex- 
tenders or fillers are added to resin 
glues. Catalysts serve to hasten the 
setting of the glues or to lower the 
temperature of pressing and setting. 
Catalysts are often patented materials 
and may vary with the manufacturer 
of the glue. With properly controlled 
acidity they usually have no effect 
upon bond quality but sometimes such 
glue qualities as working life or as- 
sembly time may be sacrificed for 
other more important improvements 
in quality of application. 

Use of inert extenders or fillers is 
possible in both phenolic- and urea- 
resin glues. More can be added to 
urea resins than phenolic-resin glues. 
Such materials as grain flours or wood 
flours give body, reduce costs. and 
may impart some other desirable prop- 
erty. Soluble dried blood can be used 
under certain conditions. both as an 
extender and as.a supplementary ad- 


hesive. Limited amounts do not re 
duce durability appreciably but larger 
quantities result in progressive weak 
ening and lowered resistance to mois 
ture and mold. Users of glues are 
cautioned against additions of extend 
ers unless approved by the manufac 
turer since good glue is easily spoiled 
by experimental additions. 


Gluing Metals 


Metal-to-metal 
shear strengths that run as high a 


glue bonds with 
4,500 lb. per sq. in. of overlap ar 
claimed by manufacturers of certain 
new synthetic thermo-setting resins ot 
rubber derivatives. One of these is 
Cycle-Weld, a development of Chrysler 
Corporation and Goodyear Tire & Rub 
ber Company, described in the article 
beginning on page 1. 

Any combination of metal, wood 
glass, “compreg.” plastics. or othe 
materials can be bonded together also 
Among other adhesives of this type art 
Reanite, produced by U. S. Stonewa 
Company; a Thiokol-base adhesivé 
produced by Minnesota Mining an 
Manufacturing Company; Corde 
made by Cordo Chemical Corporatio 
and Redux, developed by Aero R 
search, Ltd.. and to be marketed 5 
Resinous Products and Chemie 
Company. 
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ceecate. COATINGS 


RAW MATERIAL HOPPER 
Basis is minerals, such as silica, borax, soda and 


zinc oxide, properly proportioned and mixed. 
After application the coating is matured by 
firing or baking, depending on the type of 


coating involved. 


Hard as glass. 
Impervious to atmospheric conditions. 


. Highly resistant to alkalis, acids and abrasion 
in varying degrees, depending on the solution. 


Unaffected by heat up to the fusing or baking 


temperatu re. 


Permanent, with respect to the normal life of 
machinery. 


Unlimited color possibilities and combina- 
tions. 


LOADING MACHINE 


























Ground “frit”, in suspension with clay, water, 
pigments and other minerals, is applied by either 
dipping or spraying. For fused coatings a ground 
coat and one or more finish coats, depending 
on the coloring and nature of the product, are 
necessary. Ground coats are usually applied by 
dipping, shown at right, and finish coats by 


spraying, shown below at right. 


Silicate coatings are classified on the basis of 


their fusing or baking temperatures: 





Porcelain Enamel Institute 


High-Firing Enamels— Fused at 1,650 to 1,800 
degrees F. 


Porcelain Enamels — Fired at 1,400 to 1,600 
degrees F. 


Decorative Enamels— Fused at 1,300 to 1,400 
degrees F. or lower. 


Alkali-Alumina Series — Baked at 350 to 800 
degrees F. 


Paints — Applied at room temperature. 





Porcelain Enamel Institute 






GROUND COAT 
DIP TANK 


FINISH COAT 
SPRAY BOOTH 












SILICATE COATINGS 
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RCELAIN ENAMELS— These coatings, which are now 
made extremely thin, giving them exceptional re- 
sistance to cracking and chipping, can be had in 
any degree of dull, matte or gloss finish. They have 
considerably improved adhesion and are excep- 
tional in cleansability, in addition to having the 
other characteristics of silicate coatings. Especially 
attractive designs in color are possible, particularly 
with the silk-screen process. Metals that are usually 


— Such coatings, which are not 
of the porcelain-enamel type, are applied by light 
spraying or dipping and are baked, not fused, at 
350 to 800 deg. F. Baking can be done in high- 
temperature ovens similar to those now used for 
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Induction-heating coil and steel faucet treated with alkali- alumina series coatings. 


porcelain-enameled are cast iron, wrought iron, 
enameling iron and low-carbon steel. 


— For many years nameplates 
and jewelry made of copper, bronze and precious 
metals have been enameled for decorative purposes. 
These coatings, however, do not afford the pro- 
tection that is characteristic of those fused at higher 
temperatures. 


synthetic-resin finishes. Such coatings can have a 
dull or a semi-gloss finish. They are corrosion re- 
sistant, partially acid resistant and heat resistant 
up to the baking range. Low cost and ease of appli- 
cation are their principal advantages. 


Pemco Corp. 
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Possible applications include steel skid boxes, 
róom heaters, heating and ventilating equipment, 
underground pipe and tanks, industrial ovens, 
furnaces, exhaust stacks, shelving, agricultural 
machinery, contracting machinery and railroad 
equipment. 


— Refined porcelain enamels that 
are fired at temperatures between 1,650 and 1,800 
deg. F. give superior corrosion resistance even un- 
der highly unfavorable conditions. Possible applica- 
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tions include smoke stacks, aircraft engine exhaust 
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pipes, and food and chemical processing machinery. 


— Finished sheets can be drilled, sheared, 
sawed and cut with a torch. This is not recom- 
mended, and is considered poor practice. 
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— Almost any color desired can now be had 
in nearly all of the various types of silicate coatings. 
Color control for matching is accurate and eco- 
nomical. Pigments are added during the milling 
operation. The colors endure for exceptionally long 


periods, although this is somewhat governed by x 
+ High-firing enamel coatings on aircraft engine exhaust pipes 
the pigments used. are designed to withstand high temperatures. 
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— A fire-resistant paint made of base 
materials similar to those used in silicate coatings has been developed. Spray application is recom- 
mended. The paint washes off when dampened. 





— Metals that undergo 
either continuous or intermittent exposure to high 
temperatures, such as in nitriding and carburizing, 
can be permanently or temporarily protected. For 
permanent protection these coatings generally must 
be matured, or cured, before the work is treated. 
For temporary protection they mature during the 
heat-treating operation. 


Possible applications include furnace tools, heat- 
treating trays and baskets, surfaces subject to cor- 
rosive fumes at elevated temperatures, goose necks 
and melting pots used in die casting of aluminum 
and magnesium, skimmers and ladles. Selective 


Silicate coating on this melting pot for die casting aluminum protection or masking of metal parts being car- 
protects the pot against the molten metal. 





burized or nitrided is an important use. 
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__cChactotylic COATINGS 


There are two types of coatings—cathodic and anodic—that are applied electrolytically 


N CATHODIC DEPOSITION generally, a bar of the coat- 
ing metal is the anode and the metal is transferred 
in ionic form through the solution and deposited 
on the work as solid metal. Some plating is being 
done with insoluble anodes and the plating metal 
is supplied from the plating solution. 


Electroplated coatings are used primarily for 
— Corrosion protection. 
— Decoration. 


- Taking advantage of particular properties of 
the deposited metal — hardness, friction char- 
acteristics, reflectance.... 


films of chemical compounds 
with varying degrees of physical and chemical 
properties are formed on the work, which in this 


case is the anode. 
Anodic coatings are used principally for 
— Corrosion protection. 


— Decoration. 


— Improved adhesion of subsequent coatings. 


— Improved lubricating properties. 


— Polishing and deburring. 


CATHODIC DEPOSITION 
Tank rods >O + 


Plating solution 


Metal goes into solution in ionic form 


ANODIC DEPOSITION 


Tank rods > O == 


on cathode 


Chemical film formed on anode, 
which is work being treated 


Composite coatings, consisting of a series of two or more coatings of different metals, 


are common for decorative finishes. These coatings incorporate the advantages of each 


of the plating metals used. Composite coatings can also be used to finish a base metal 


with a plating metal that cannot be applied directly. 


Characteristics of electroplated coatings are generally, but not necessarily, the same 


as those of the plating metal. 


All metals are plated from either an acid or an alkaline solution. The choice, when 


there is any, depends chiefly on the economics involved and the solution characteristics, 


combined with physical properties and appearance desired. 





SIGNIFICANT 


OPERATING CHARACTERISTICS OF PLATING METALS 
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METAL SOLUTION OLY daD lien dac PRINCIPAL REASONS FOR USE 
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" £99 |$2^79 à S 
Brass (80-20) 50 5 23.4 0.71 Decorative 
Cadmium | 96 15 4.1 0.71 Corrosion protection 
. Tarnish resistance, hardness, i 
Chromium 14 150 14.3 0.59 appearance 
Cobalt 95 20 6.0 0.74 Constituent in cobalt-nickel alloys 
| | | Undercoatings, some decorative, 
Copper, cyanide | 60 | 15 5.8 | 04 ) stopoff for selective carburizing, 
| | > lubricant for deep-drawing and 
Copper, acid | 98 | 30 3.6 | 0.74 | wire-drawing operations, electrical 
| | | conductivity 
Gold, cyanide eo ] 34 78 | 158 || 
| - Decorative, tarnish resistance 
Gold, acid | 95 | 10 18 — | 158 |) 
| | | Tarnish and corrosion resistance 
. | | , 
Indium po aai * | 058 low coefficient of friction 
| 
| | 
Iron | 98 40 | 2.7 0.65 Hardness, heat-treating ability 
| | | 
| | Resistance to atmospheric corrosion 
Lead 98 15 2.8 0.94 and certain chemicals 
5 | Decorative, i sist ; 
Nickel 95 20 5.8 | 074 S corrosion rezistance 
| | 
Palladium 100 3 18.0 | 1.02 Decorative, tarnish resistance 
Platinum * * * | 1.76 Decorative, tarnish resistance 
Rhodium * * * 1.01 Decorative, tarnish resistance 
! Decorative, sanitary qualities, elec- 
Silver 99 15 2.5 0.87 trical conductivity 
Tin, cyanide 50 20 9.4 0.61 i Decorative, sanitary qualities, cor- 
» rosion protection on non-ferrous 
Tin, acid 98 40 1.2 0.61 | | metals 
Zinc, cyanide 98 20 4.2 | 0.59 
Zinc, acid 98 20 4.2 0.59 Corrosion protection 
Zinc, bright 85 45 2.2 0.59 














“These values vary widely, depending on numerous factors. 


‘Indium coatings are almost always measured in hundred-thousandths of an inch. Thus, this value would be 0.0058 oz. 
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ELECTROLYTIC COATINGS 
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— Most significant development is on 
alkaline processes for plating malleable and gray- 
iron castings with zinc. Also, processes for plating 
zinc are now available which produce, at relatively 
high current densities, ductile deposits equal to 
cadmium in corrosion protection under most ex- 
posure conditions. 

Newly developed acid solutions show promise 
for large-scale zinc plating of steel wire and strip. 
Subsequent chemical-film treatment increases cor- 
rosion resistance and minimizes the formation of 
white corrosion products normally formed by ex- 
posure to high humidity. 

Attractive finishes of a wide variety can be pro- 
duced by anodic and immersion coloring processes 
which, in some cases, also increase corrosion resist- 
ance. Bright and semi-bright zinc-plated coatings 
can be used to enhance appearance. Recent experi- 
ence with zinc solutions has developed control 
methods that make zinc plating a simple operation 


as compared with the past. 


— Solutions have been devel- 
oped for operation at higher current densities than 
those of a few years ago, and even faster solutions 
can be provided if they are needed. Many of the 
present high-speed solutions are capable of pro- 
ducing bright deposits which minimize or elimi- 
nate the need for subsequent finishing operations. 
The current density generally determines the rate 


of deposit of the coating metal. 


A 


— Strip and wire plat- 
ing, exemplified by the continuous tin plating of 


steel strip, is growing continually and indications 


are that "preplated" strip and wire will be gen- 
erally available after the war. Coatings of this type 








will withstand moderate forming operations and 
with already indicated improvements in the future 
will be able to take severe forming. Improvements 
in solutions and mechanical considerations, to- 
gether with higher current densities, will permit 
higher speeds. An important feature of continuous- 
process plating is that scrap metal or ore can be f 


used in place of soluble anodes. 


— By depositing electrolytic films of definite 
thicknesses, colors and patterns can be produced. | 
Also, anodized aluminum can be dyed and ano- | 


dized zinc can be colored in special solutions. 


— During the war-production period 
uses have been found for iron plating that were 
previously neglected or unknown. These include 
facing of electrotypes and stereotypes in place of 
nickel; building up undersized or worn parts; elec. 
troforming, particularly in connection with the 
production of molds; and to bring about a uni- 
formity of composition and structure necessary for 


certain subsequent treatments, such as oxide coat- 


































Electroplated iron on these copper soldering-iron heads 
prevents the solder from alloying with the copper. 


Metal Finishing Div., Pyrene Mfg. Co 
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ing. Iron-plated coatings can be case hardened by 
the usual methods. Pure iron can be applied to 
localized areas by the use of unusual plating tech- 
niques and synthetic resin masking materials. 
Newer solutions and techniques give close control 


of the physical properties of the iron deposits. 


— Developments necessitated by war- 
production requirements have advanced the tech- 
nique of nickel plating to the point where new 
fields will be opened when conditions return to 
normal. Most of these developments are military 
secrets but it is significant that nickel plating is 
used extensively in signal equipment and instru- 


ments. 


— Oil-retaining chromium coat- 
ings have been developed for many specific appli- 
cations. As a result of efforts to speed war produc- 
tion chromium-plated cutting tools have come into 
wide use in order to lengthen life and increase 
operating speeds of these tools. 

Examples — A 10-in. broach made of hardened 
alloy steel will average 1,200 cuts before resharp- 


ening is necessary. Then it can be reground only 

















iron castings improves corrosion protection. 





Metal Finishing Div., Pyrene Mfg. Co. 
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Cutting edges of this broach have been chromium plated 
to increase tool life and operating speeds. 


United Chromium, lnc 


once before tolerances are lost. By plating 0.0005 
in. of chromium on the broach it will make 5,600 
cuts before resharpening, with less wear. The plat- 
ing can be stripped off, the tool lightly reground, 
rechromed and returned to service four or five 
times before it loses the required tolerances. 
Cylinder walls and piston rings plated with 
hard chromium have increased the time between 


engine overhauls. 


NG — Restrictions on metals usually used 
for corrosion-resistant surfaces spurred the devel- 
opment of lead-plating processes. Lead not only 
provides satisfactory corrosion protection or re- 
sistance but also gives superior resistance to chemi- 
cals, organic solvents and highly corrosive atmos- 
pheres and is a good base for organic finishes. The 
coating is a matte gray color. Scratch brushing pro- 
duces a lustrous surface and, if not overdone, in- 


creases corrosion protection. 






ELECTROLYTIC COATINGS 


ATING — Alloy plating metals are already 
in commercial use, and their possibilities are being 
constantly investigated. A big possible field for 
alloy plating is in the varying of properties of 
electroplated coatings for specific uses. 


'ROPOLISHING — High spots on base metal can be 
smoothed out by making the work the anode in 
certain electrolytic solutions. These high spots are 
selectively attacked, because they take a higher 
current density than the rest of the surface, and an 
insulating film forms on the low spots. 

ROPERTIES OF COATINGS — Physical properties 
of electroplated coatings can be varied over a wide 
range by modifications in technique, solutions or 
processes. Thus, nickel deposits are being pro- 
duced with a Vickers hardness from 220 to 600; 
cobalt-nickel alloy deposits are hard but relatively 
ductile; copper deposits can be fine-grained and 
exceptionally ductile. 


— Electroplating of aluminum can now 
be done satisfactorily, although it is probable that 
methods will be simplified and costs lowered in 


the post-war period. 
— More scientific 


methods of applying metallic surfaces to non-me- 


Rough surfaces on molded plastic products help to improve 
the adherence of electroplated coatings. 


Iron alloy containing 3 percent nickel has been electroplated 
on the shaft extension of this armature. 


Metal Finishing Div., Pyrene Mfg. Co 
tallic materials have improved the electroplating 
of such materials. This is particularly true for 
plastics. 


— While ‘reverse electroplating” 
has been done for many years, only recently has 
the process been widely used in industry. Chromic, 
oxalic or sulphuric acid solutions are used as elec- 
trolytes and the resulting chemical film provides 
electronegative protection to the base metal. This 
process is limited at the present time to aluminum, 
magnesium, zinc and copper. In the case of anodic 
copper the color of the surface is black. 


—Induction heating of electroplated 
tin causes the coating to melt and “reflow,” which 
produces a lustrous and more homogeneous sur- 
face. 


When an electroplated tin coating is heated by induction 
a definite flow line becomes evident. 


Philip Sievering, Inc. 
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Westinghouse 
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American Chemical Paint Co. 










@ These coatings are applied by dipping the work 

| |. in chemical or in molten-metal baths. Grouped by 
method of treatment, the first two being relatively 
new, they are: 


|j — In which the metal is directly 
oxidized to one of its oxides. 


— In which the coatings are 
formed by chemical displacement of the metal in 
>o BM solution by the basic metal. 


— Coatings are formed by reac- 
tion of the base metal with phosphate, chromate 
or molybdate solutions and the resultant coating 
contains one of these products. 








S 
— Largely molten zinc and 
tin baths. Lately coatings of molten lead are be- 
5 ing dipped rather generally, usually with small 
S amounts of other metals. 
1, 
Ic 
Copper coatings applied by chemical displacement improve 
drawing operations and increase life of dies. 
d 
ch 
If- 
"a 





» & 


Steel aircraft engine bearing parts are treated by chemical Llinc-plated steel parts of fragmentation bomb fuzes are 
oxidation to provide corrosion protection. treated by chemical reaction in a chromate solution. 













Enthone Co. New Jersey Zinc Co 
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IMMERSION COATINGS 
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CHEMICAL-OXII 


@ All chemical-oxidation coatings are produced in 
heated baths. Coatings are usually black, but may 
appear colored because of light interference ef- 
fects. Adherence, stability under heat and chemical 
attack, and relative hardness are features of oxide 
coatings. Any metal surface capable of being cop- 
per plated can be given a black-oxide coating. Oil- 
ing the coating usually increases corrosion resist- 


ance. 


— Pure copper and 
wrought and cast copper alloys with a copper con- 
tent of 70 percent or more can be blackened with 
an oxide coating that has excellent adherence and 
is an excellent base for organic finishes. Low- 


copper alloys can be blackened by plating with a 


" miu US FEM Ao Wee cocco A EREMO CISCO PNE ale cre nf ND 
n^ 


minimum thickness of 0.0001 in. of copper and 
blackening the plate. Direct formation of a layer 
of cupric oxide on copper, which is now possible, 
inhibits the formation of green salts under high. 
humidity or salt atmospheric conditions. Such coat. 
ings are hard and will withstand severe deforma- 
tion and considerable handling. Cuprous oxides | 


are produced in molten oxidizing agents. 


— Colorless or gray coatings that can 
normally be dyed are produced on aluminum sur- 


faces by chemical oxidation. 


— All carbon steels and many alloy steels can 
be blackened in oxide baths. Increasing the hard- 


ness of the steel resists the coloring power and 


Bronze antiaircraft gun parts blackened Sy chemical oxidation with cupric oxide. 


Enthone Co 
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penetration of the bath. Chromium in steel, at 
least in small amounts, has no detrimental effect. 
[Increasing the manganese or molybdenum content 
intensifies the coloring action. The presence of 
nickel, however, even in amounts as low as 1 per- 
cent, will prevent any coloring action. 

Coatings can be applied to heat-treated, case- 
hardened, cyanided or nitrided surfaces. They have 
a temperature resistance ranging from 500 to 
1,000 deg. F. and a thickness of less than 0.005 in. 
Dimensional changes are on the order of 0.00003 
in. The coatings will withstand resistance or spot 


welding and mild forming. 


— Baths for blackening malleable and cast 
iron are of the same type as those for blackening 
steel, but with slight modification in temperature 


and salts. 


@ Solutions used are heated or operated at room 
temperature, depending on the nature of the reac- 
tion. The two metals normally deposited in this 
manner are tin and copper. Zinc is also deposited 
on aluminum and the resulting film can be black- 
ened or can serve as a base for electroplating. 
Coating characteristics are bright color and ex- 
treme thinness (0.00001 to 0.00005 in.) 


ALUMIN 


faces can be given a black-oxide coating by first 


M— Aluminum and aluminum-alloy sur- 


applying a film of adherent zinc and then black- 
ening this film. These coatings should not be used 
where service temperature will go above 500 deg. 
F. and should be shielded from severe weathering. 
Protection is not so great as dyed anodic coatings, 
but the zinc film is an excellent base for electro- 
plating. If the parts are to be soldered the work 


should be cadmium or copper plated. For general 
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Corrosion resistance of oxidized copper is illustrated by this 
steel panel, one-half of which was plated with copper, given 
a chemical oxidation treatment and oiled, while the other 
half was only copper plated. The unblackened part was 
badly rusted and the treated half was hardly affected after 
200 hr. in salt spray. 


Enthone Co 


plating, copper should be deposited on the zinc 
film from a cyanide solution and this coating can 


then be easily plated. 


— Corrosion resistance of tin surfaces is ma- 
terially increased by a black-oxide coating applied 


from a heated solution. 


from 0.000001 to 
0.000050 in. thick can be deposited on tubular 


and other odd-shaped pieces in a solution, the 


N PI — Films of tin 


action of which is galvanic, operated at room 


temperature. 


— Copper films from 0.000010 to 
0.000022 in. thick can be applied to steel from a 
solution operated at room temperature. Adherence 
is good and the product can be formed or drawn 


without chipping or flaking. 





IMMERSION COATINGS 


CHEMICAL-REACTION COATINGS 


9 Either heated or unheated solutions, depending 
on the reaction, are used to produce these coat- 
ings, which do not have good wear resistance but 
are excellent bases for organic finishes. The chro- 
mate coatings have particularly good salt-spray 
resistance. Phosphate coatings are used for treat- 
ing steel and zinc, chromate coatings for mag- 
nesium and zinc and molybdate coatings for zinc 
and cadmium. A common method of applying a 
blue-black color to brass is to immerse it in a warm 
solution containing ammonia and basic copper car- 
bonate. The corrosion protection afforded is con- 
siderably less than that obtained by direct oxida- 
tion of copper or brass. 


— Surfaces of iron, steel and 
zinc can be given an insoluble phosphate coating 
by hot immersion. This coating is adherent and, 
when combined with stain, oil or wax, is highly 
corrosion resistant. It is medium gray in color. 
Mineral oil darkens it. A stain will change the 
color to jet-black and increase corrosion resistance. 


Phosphate-coated sheets will withstand severe def- 
ormation. One of the principal uses for this type 
of coating is a base for organic finishes. Products 
that can be treated include stampings, castings, 
forgings and screw machine and wire products, 
regardless of size or intricacy of shape. 


IROMAT TIONS — These produce very thin films 
on zinc or zinc alloys in unheated solutions. The 
films can be made anywhere in the yellow color 
range from pale yellow to olive drab. Moisture 
and corrosion resistance of these films are notable. 


— Any zinc or cadmium sur- 
face can be blackened in heated molybdate solu- 
tions. The resultant coating is an excellent base 
for organic finishes, particularly in the case of zinc 
because it reduces the possibility of a reaction oc- 
curring between the active zinc and the organic 
coating. There is also an unheated solution for 
blackening zinc die castings and small fabricated 
pieces. 


Transformer shells are treated in a phosphate solution to increase adherence of subsequent organic finish. 


Parker Rust Proof Co 









f- ® The usual type of hot-dip metal-coating bath 

€ has been galvanizing, which is the process of dip- 

ts ping work, usually steel or iron parts, in molten 

S, zinc. Chief difficulues of this process are control 

S, of thickness of the zinc and formation of iron-zinc 
alloys which tend to stiffen and embrittle the coat- 
ing. Tin coating in molten baths has also been 

ns extensively used. 

he 

les Restrictions on zinc and tin brought about by 

"i war-material production hastened the development 

is of a process for hot-dip plating of lead that elimi- 
nates some of the objections to galvanized coat- 

d ings. The lead coating gives better atmospheric 

"ái protection and does not alloy with iron or steel 

2d base metal. Post-war investigation may lead to the 

" wider use of lead-alloy plating processes. 
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So many uses for immersion coatings have been de- 





veloped that a complete listing would be impossibie to 





assemble. The following, however, should serve to indi- 





cate the wide range: 





Firearms, skates, appliances, clocks, watches, pencils, 





belt loops, buckles, aircraft propellers, bicycle parts, 





sewing machines, buttons, shoe hardware, locks, safety 





pins, bearings, gear parts, taps, drills, wrenches, casters, 





pulleys, nameplates, springs and other steel parts sus- 





ceptible to hydrogen embrittlement, thread and plug 





gages, business machines, bits, bolts, cameras, carbu- 









retors, compressors, cutlery, diesel engines, door han- 


dles, drills, electric refrigerators, fans, gaskets, type- 
setting machines, magnetos, milling cutters, nuts, oil 
well machinery, outlet boxes, piston rings, pneumatic 


tools, postage meters, precision instruments, printing 


machinery, pumps, radios, recording instruments, ring 


— n. 


HOT-DIP METAL COATINGS 


Danao 
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Typical parts that can be coated in a molten-lead bath are 
these pieces of hardware used on telephone poles. 


Western Electric Co. 
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USES FOR IMMERSION COATINGS 


travelers, scales, screw machine products, screws, scis- 
sors, snaps, soldering iron shells, spark plug shells, spin- 
dles, spinning rings, studs, telephone apparatus, tele- 
scopes, textile machine parts, toys, typewriters, vacuum 
cleaners, vending machines, washing machines, wood- 
working machinery, hospital furniture, traffic signals, 
jacks, bottle caps, can openers, dies, filing tabs, 
garden tools, hairpins, hinges, intaglios, shoe-horns, 


stapling machine parts, rules, stirrup pumps, stove parts, 


badges, instrument panels, instrument cases, shears, 
automobile engine and chassis parts, generator parts, 
heater connections, shock absorbers, door checks, trans- 
former coils, insulating cable, meter-box covers, switch- 
board panels, canning machinery, centrifuges, window 
frames, grilles, railings and balustrades, kick plates, 
fire escapes, munitions, bomb carriers, cartridge clips 


and bomb cases. 
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Anticipating Thermocouple 


For Close Temperature Control 


R. L. LONGINI, Engineer, 


Westinghouse Electric & Manufacturing Company 


Thermocouple of simple construction produces an e.m.f. proportional to the rate of 


change of temperature and exponentially with time. In heat control systems for furnaces 


the couple anticipates temperature changes thus preventing overshooting and hunting. 


NE troublesome problem in any 
temperature control operation 
is prevention of overshooting 

when a heat input to the system is 
changed. Off-on control is always ac- 
companied by a temperature hunting. 
The degree of this hunting depends to 
alarge extent on the thermocouple po- 
sition. If the couple is placed near the 
“load” or “work” the temperature 
hunting is large. If placed near the 
source of heat the couple can cut down 
overshoot and reduce hunting. 

The couple will in general control 
the load at the desired temperature by 
the controller itself being set at some 
different temperature, usually higher. 
As the heating operation continues 
there will be a drift in the mean tem- 
perature of the load. Proper position- 
ing of the couple to limit both drift 
and hunting is one requiring some en- 
gineering ability. 

An addition has been made to the 
group of thermocouple designs which 
solves the overshooting and hunting 
problem. This addition is a couple 
which produces an e.m.f., proportional 
to the rate of change of temperature. 
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Anticipating 
thermocouple 


When the temperature is uniform no 
e.m.f. is produced. When the tempera- 
ture is dropping it produces a nega- 
tive e.m.f., when rising the e.m.f. pro- 
duced is positive. 

The new couple is called the antici- 
pating thermocouple and is used in 
conjunction with any standard couple. 
The standard couple is placed in the 
“work.” The anticipating couple is 
placed in the combustion chamber and 
put in series electrically with the stand- 
ard couple. If the combustion cham- 
ber temperature is rising, the antici- 
pator adds to the e.m.f. of the tem- 
perature measuring couple and causes 
the controller to shut off slightly be- 
fore the control temperature is 
reached, although the controller will 
indicate that the control temperature 
has been reached. On cooling, the 
anticipator will subtract from the tem- 
perature measuring couple and cause 
the controller to turn on before the 
control point is reached. Thus hunting 
and initial overshooting will be largely 
eliminated. 

The anticipating couple is of sim- 
ple construction. It consists of two 
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ordinary couples connected back to 
back so that the two lead wires are of 
the same material For example: A 
couple could be made of Chromel- 
Alumel-Alumel-Chromel. If the two 
hot junctions are at the same tempera- 
ture no e.m.f. will result. If the tem- 
perature is changing, the two couples 
can be made to differ in temperature 
by insulating one or by increasing its 
heat capacity so that it will lag behind 
the other. In this way an e.m.f. will 
be produced, the sign of which will 
depend on the direction of temperature 
change. If there is a sudden variation 
of the rate of temperature change the 
e.m.f. output of the anticipating 
thermocouple will change to its new 
value exponentially with time. 

One inherent advantage of the new 
couple is that the materials of its con- 
struction are not dependent on the 
temperature reading couple or on the 
instrument calibration, but on the 
specific installation. The Chromel- 
Alumel-Alumel-Chromel couple can be 
used with any type of thermocouple, 
such as iron-Constantan or platinum- 
platinum rhodium. 
















Ternp. C onfroller 
I 


*E.M.F. 


Temperature 


Fig. 1—(4) Installation arrangement of standard and anticipating thermocouples in furnace. (B) Schematic wiring diagram 
for thermocouples and temperature controller. (C) E.m.f. curve of anticipating couple during steady temperature change. 
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LINKAGES FOR PRODUCING 


A LL straight-line motion mechanisms are based on a 
4 X. few simple geometrical relations, yet offer consid- 
erable variety in design. In various modifications of the 
isosceles and pantograph linkages, resultant motion 
is usually parallel to motivating force, and lengths of 
travel remain proportional. Some are designed for 
short ranges of motion, and paths are only approxi- 
mately proportional. Where short arcs are involved it 
is possible to use a bell-crank and link to change 
direction of motion with little effect upon proportional- 
ity of movements at input and output points of linkage. 


Fig. 1—(a), (b), (c), 


Fig. 3. -Guide slot designed to 
produce straight-line motion. 


Straight-line linkages of the Watt, Roberts, Tchebich- 
eff and Peaucellier cells have a more complex relation 
between lengths of path. The Walschaert valve gear 
linkage illustrates one means of controlling length of 
travel and timing of a guided straight-line movement by 
linkage adjustment rather than the usual cams. Credit 
for development of this and similar mechanisms goes 
to designers of steam engines. PRODUCT ENGINEERING, 
June, 1942, pages 326 and 327, illustrate other methods 
of applying guided straight-line motions by means of 
cams, toggles, pulleys, screws, levers, and racks. 


(d), (e)—Isosceles linkages. 


AD=2BC 
AB -DC-1.2 BC min. 


Robert's linkage. 
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STRAIGHT-LINE MOTION 


Fig. 4. (a). (bi. (c). (d) —Pantograph linkages. 


bem de éenlus. 2a =BC=3 
Fig. 5—Watt’s linkage. Ceete eens 


Fig. 6 —Peaucellier's cell. 


AD» 2 BC 
AC » BD» 22 BC 


Fig. 7— Tchebicheff's linkage. Fig. 8—Walschaert valve gear. 
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Basic Electronic 


Circuits and Tubes 


C. B. STADUM 
Control Engineer, Electronics Section 
Westinghouse Electric & Manufacturing Company 


High vacuum tube envelope 


Gas tube envelope 


Grid 
Anode (plate) 


Directly heated cathode or 


Cold cathode 


Charts and tabulations show how elementary circuits for each function differ 


in application. Characteristics and uses of basic tubes in industry are described. 


Two general principles are expounded to lessen the complexity of electronics. 


HE complexity of electron tubes 

and tube circuits fades substan- 

tially if two general principles 
are remembered. The first principle 
relates to the tube itself and the sec- 
ond involves the entire electronic cir- 
cuit. 

An electron tube is nothing more 
than a single-pole. single-throw, elec- 
tronic knife switch. The other impor- 
tant characteristic is that the tube will 
pass current in one direction only. 
This latter behavior is responsible for 
electron tubes becoming versatile in- 
dustrial tools of today. 

Most tubes, however, have certain 
characteristics which control the na- 
ture of the current flow. A phanatron 
needs only a certain positive anode 
voltage to cause current to flow; a 
phototube needs light to activate cur- 
rent flow; a triode has a grid to deter- 
mine the amount of current flow; a 
thyratron has a grid to determine if 
current should flow (See “Electron 
Tubes Available for Industrial Func- 
tions,” PRODUCT ENGINEERING, Septem- 
ber, 1943). All behave like a switch 
or valve, although the particular ap- 
plication of the valve may vary. 

The electronic circuit is composed 
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of only a few basic elements. Any com- 
plicated electronic circuit consisting 
of hundreds of component parts can 
be reduced to a few fundamental cir- 
cuits. For example, a radio consists of 
a few combinations of rectifiers, ampli- 
fiers, detectors and oscillators. An elec- 
tronic induction-heating furnace con- 
sists only of oscillators, amplifiers 
and rectifiers. 


Current Rectification 


Converting alternating current into 
direct current whether in a radio han- 
dling milliwatts or in an industrial 
rectifier using thousands of kilowatts 
is one of the most simple and valuable 
applications of the switching action of 
tubes. Rectifiers are used in radio cir- 
cuits as detectors and in place of 
motor-generator sets for electroplat- 
ing. High-vacuum diode, the phana- 
tron or the ignition tube are most 
commonly used for this application. 


Filters 
All electronic rectifiers produce 


ripple voltages in their outputs. This 
is objectionable in some instances, 
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such as radio circuits and in some in. 
dustrial control circuits. In such 
cases, the filter must be considered 
an integral part of the electronic rec 
tifier. The filter couples between the 
rectifier and the load, and is used to 
smooth or virtually eliminate the rip 
ple voltage. 

Filters can be classified into tw 
divisions, capacitance input and in 
ductance input. Capacitance input 
filters such as the capacitor type and 
the z type are characterized by small 
ripple voltages and high output volt 
ages at light loads. On heavy loads, the 
ripple is high and the regulation poor 
Since high peak currents are draw 
through the tube, gas-filled tubes ar 
seldom used with capacitance inpu 
filters. 

Inductance input filters such as the 
straight inductance filter or the "I 
type have better regulation and lower 
peak tube currents than the capaci 
tance input filters. Inductance input 
filters give a higher transformer ef 
ciency but give a lower output volt 
age. When only the smallest ripple 
voltages can be tolerated, multi-sec 
tional capacitance or inductance filter: 
are used. 
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| n 1 d Indirectly heated cathode ce 
Ope 


Photoelectric cathode 


E 
M. 
x Pool cathode 
Immersion ignítor AAA 
" 
or heii 


— Fixed capacitor 





SYMBOLS FOR ELECTRONIC CIRCUITS 


Variable 
capacitor 


Tapped 
resistor 


Resistor 


AWA Bir core 
transformer 
VIII — 
-A iiio Bolle i 
- t 


Wires not 
connected 


iron core 

inductance 
Wires 
connected 

fron core 

transformer Et max. ^ Maximum tube voltage 


ELECTRONIC TUBES AND THEIR USES 


TypicaL OPERATING 
CHARACTERISTICS 


Cathode t 
(Filament ) v 
,Anodes, 5 
t ! Oo 
2 
e in 5 
such Dual a 
endi Diode 
rec: Cathode 
| the (Filament) Plate Volts 
d to Diode — High-Vacuum. Heater element can re- 
rip place filament in some tubes. Current is propor- 
tional to applied voltage within operating range 
of tube. Used in industrial rectifier circuits and 
a in radio. 
1 in 
> and 
small 
volt- t 
s. the Cathode 
, ( Filarnent ) t 
poor } 
rawn y Anodes, 
` ' a 
s ar 7 f 3 
input c 
T 
is the 
"b athode 
lower (Filament ) Anode Voltage 
pum Phanotron — Gas-Filled Diode. Heater element 
input can replace filament in some tubes. Current is 
r efi carried by gas ions (generally mercury vapor) ; 
. volt limited by load impedance. Tube voltage drop is 
ipple constant at about 15 volts. Applied in rectifier 
i-set tircuits where good regulation, large currents and 
filters high efficiency are essential. 
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TypicaL OPERATING 
CHARACTERISTICS 


Increasingly 
negative 
grid voltage 


4 
Cathode 
- Anodes ~ 
t ' 


Anode Current 


Filament Cathode Anode Volts 


Triode — High-Vacuum. Grid voltage variance in small 
amounts can change anode voltage, current or power by 
large amounts. Anode current change is proportional to’ 
grid voltage change; amplification factor is low to moder- 
ate. Used in direct-coupled amplifiers or voltage and power 
audio amplifiers, and in oscillator circuits. 


Increasingly negative 
grid voltage ^ 


Screen grid volts at 
constan? positive voltage 


oltage 





` 
,? A" Control 
, : grid 
Cafhode ‘ 
Filament 


Anode Current 


Anode Voltage 


Tetrode — High-Vacuum. Anode current is almost inde- 
pendent of plate voltage over a certain range; amplification 
is relatively high. Employed chiefly as radio frequency 
voltage amplifiers. This tube is often replaced by pentodes. 


(continued on next page) 





Electronic Circuits and Tubes (continued) 


o 


Glow Tube — Gas-Filled. Has neither heater nor Pentode — High-Vacuum. Plate current is almost inde 
filament: relatively constant drop of about 100 pendent of plate voltage over wide range. Used where large 
volts within operating range of tube. Used as voltage amplification is required. Beam power pentode is 
voltage regulator for small amounts of current; used where much power is controlled by small input voltage. 


TvPicAL OPERATING TypicaAL OPERATING 
CHARACTERISTICS CHARACTERISTICS 


Increasing negative 
grid voltage 


VÀ 
p 


Suppressor 
I 


i 
Screen | Anode 


Anode Current 
Anode Current 


| 


Filament 
Anode Voltage Anode Voltage 





also as “saw tooth” oscillator in sweep circuits 
in oscilloscopes. 


---Fluorescent screen 


Deflection 
plates 


Anode No. 2 (Accelerating ) 
Anode No. I (Focusing) 
Grid 


Cathode 


Filament Volts 


Cathode Ray Tube. Vacuum tube emits electrons Current Regulator or Ballast Tube. Resistors which 
from cathode to a fluorescent sereen where they change their resistance rapidly when. applied voltage alters. 
are converted to a dot of light. Employed as an Current remains substantially constant. Limits current in- 
instrument to analyze varying currents and voltages rush into various circuits or keeps current constant in 
in tube circuits. electron tube filaments. 


TYPICAL OPERATING CHARACTERISTICS 


0.5 lumen 


Anode Current 
Anode Current 


Anode Volts Anode Volts 
Vacuum Phototube Gas Phototube 
( Photoemissive effect) ( Photoemissive effect) 





Photocells. Photoemissive cells cause 
current flow when light impinges on 
cathode. Photoconductive cells change 
resistance when light impinges on the 
surface. Photovoltaic cells produce a 
voltage between the two elements when 
light strikes the surface. Employed to 
detect change in light intensity, to 
control relays for on-off control, in 
counting, sorting or flaw-detecting 


Cell Current 
Cell Voltage 


‘ircuits. 
aS Cell Voltage Foot- Candles 
Selenium Cell Barrier-layer Cell 
( Photoconductive effect) ( Photovoltoic cells ) 
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TYPICAL OPERATING 
CHARACTERISTICS 


Anode Current 


Cathode 
poo! 


(Mercury ) Anode Voltage 


Ignitron — Gas-Filled. Mercury pool is source of 
gas vapor, “Fired” by applying relatively high 
current and voltage to ignitor for short time. Used 
as a controlled rectifier for exceptionally large 
currents: with a.c., as. fast-acting switch where 
thousands of amperes current are to be controlled. 


TYPICAL OPERATING 
CHARACTERISTICS 


Anode Volts 


^ Control 
grid 





Fil t i | T 
— Negative grido «——1—» Positive grid 


Control Grid Volts 


Cathode 


Thyratron — Gas-Filled. Grid controls on-off action: of tube. 
Tube voltage drop is constant at about 15 volts. Applied in 
industrial control circuits as a fast, positive-acting switch; 
as a controlled rectifier; in inverter circuits, and whenever 
large currents are to be controlled exactly. 


RECTIFIER CIRCUITS 


Single-Phase, 2 Wave 


Single-Phase, Full Wave 


ac 
inpet 


Ir 
Load Current 
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Load Current 


x 
Rectified 
output 
£ 
Conducting time xr 
Tube Current 


All tubes 
are diodes 


Rectified 
output 


Rectified 
output 


SN OON 


Conducting time #r 
Tube Current 


(continued on next page) 





Electronic Circuits and Tubes (continued) 


3-Phase, 2 Wave 


l. 00 Er max 


1 cycle 


Rectified Load Current 
Output 


All tubes 
ore diodes j SS ^ SN . 
P ^ / N ` 


Tube Current 


a.c. supply 


3.Phase, !? Wave (Double Y same as 6-phase ) 


Rectified 7 cycle 
output Load Current 


All tubes 
are diodes 


Tube Current 


/ cycle 
Load Current 


Rectified 
output 


All non X mee mt ns 
ore diodes S v) yx" 
x » 
ATA y NEAN 


Tube Current 


a.c. supply 


Propuct ENGINEERING — January, 1% 





Selection and Adaptation 


Of Template Reproduction Methods 


First of a series of articles on all phases of template reproduction. 


THOMAS MILES 


Reproduction Supervisor, 


Consolidated Vultee Aircraft Corporation 


Evalua- 


tion of methods, factors affecting accuracy, fluorescence and phosphores- 


cence, photo-sensitive materials and processing are discussed. Subsequent 


articles will,cover in detail the various methods of reproduction. 


NE of the first things to con- 
sider in discussing any method 
of template or parts reproduc- 

tion is to determine how it might fit 
into or be adapted to an existing sys- 
tem of design and fabrication. Some 
companies have revised their custom- 
ary systems around the advantages of- 
fered by a particular method of repro- 
duction. Others have found that they 
benefit more by introducing a new 
method for shop use only, such as 
duplication of existing templates. In 
order to set up a basis for comparison, 
the following general schedule may be 
considered to represent the case his- 
tory of an aircraft part from its birth 
in preliminary design to maturity as 
a production part: 


1. Proposal. 

2. Preliminary design of structure. 

3. Layout of structure. 

4. Details of parts, on paper or cloth 
with full dimensions. 

5. Release of blueprints to experi- 
mental shop. 

6. Experimental shop layout from 
prints to templates. 

7. Experimental templates used for 
making parts and for tooling. 

8. Experimental fabrication of parts 
and tooling. 

9. Assembly and testing. 

10. Changes for production. 

ll. Relayout of new production 
structure. 

12. Shop layout of new production 
templates and tooling. 

13. Construction of jigs and assem- 
bly fixtures. 

14. Fabrication of production parts. 

15. Assembly to finished aircraft. 


In processes utilizing photographic 
materials, some companies have in- 
stalled the equipment as a division of 
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the regular photographic department, 
while others have found that by mak- 
ing it part of the engineering depart- 
ment, much closer coordination be- 
tween shop and engineering is effected. 
Adoption of a standard form to facili- 
tate the accurate filling of reproduc- 
tion orders is of utmost help. 

When a company has decided upon 
a method of reproduction, it should be 
installed in all major branch factories 
to facilitate coordination of tooling 
and design programs. Two large air- 
craft companies have done this and 
realized marked savings of time and 
the elimination of discrepancies. These 
installations and their operating tech- 
niques should be handled by a co- 
ordinating supervisor. 


Criteria 


In discussing the various methods 
of reproduction, it is necessary to set 
up a list of criteria to evaluate prop- 
erly the advantages offered by each. 
The most effective way to compose 
such a list is to attack the problem 
from the standpoint of ability to per- 
form the greatest number of services 
to expedite the entire handling of a 
part through the steps listed. The fol- 
lowing list was prepared with such an 
idea in mind: 

A. Original drawing material and 
technique. 

B. Permanence of original drawings 
to erasures, age, humidity, the mak- 
ing of reprints at a later date. 

C. Versatility of reproductions. 

l. Left-hand and/or right-hand 
prints. 

2. Matching to complete contour 
from either half. 

3. Maximum size that can be han- 


dled. 
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4. Optimum size to afford greatest 
quantity and quality. 

5. Positive or negative transpar- 
ency. 

6. Reduced or enlarged reproduc- 
tions on metal, paper or cloth. 

D. Dimensional stability and line 
quality. 

E. Variety of materials on which 
reproductions may be made. 

F. Installation cost and equipment. 

G. Capacity. 


Factors Affecting Accuracy 


Dimensional stability is of para- 
mount importance. Only through ac- 
curacy of original layout and faithful 
dimensional reproduction can com- 
plete interchangeability be attained 
and accuracy be confined to the least 
number of variables. The principle 
factors affecting accuracy are: 


WiprH or Lixr. An acceptable width 
of original lines is approximately 
0.005 in. Lines of this width are easily 
obtained with 4H or 6H pencils on 
sanded lacquer surfaces. Scribed lines 
are somewhat undependable for line 
width unless a specially plasticized 
template lacquer is used on thoroughly 
cleaned sheets to prevent cracking 
and chipping away from the scribe. 
The traditional plywood loft sheets 
using the open grain are almost obso- 
lete among the new reproduction 
methods. Tendency of the scribe to 
follow the grain and the irregular line 
obtained, plus the marked effect of 
humidity changes, have invalidated 
wood almost entirely. 


THERMAL EXPANSION COEFFICIENTS OF 
Any ORIGINAL OR [INTERMEDIATE MaA- 
TERIAL. Thermal expansion plays a 
major role in choosing loft or layout 
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Machine laminator for handling sheets up to 60 in. wide and 144 in. long was 


designed by the author. 


The material to be sensitized is placed on the conveyor 


in foreground. Flow of cement from the 5-gal. can in front of the operator to the 
applicator is adjusted. When the contact button is pressed the sheet is carried 
under the cement applicator and into the laminating rolls where the paper is applied. 
Rolls and conveyor are chain driven at equal speeds. 


material. Materials on the doubtful 
list are principally confined to the 
plastics in sheet form. Some processes 
use a sheet plastic either as an original 
drawing material or a negative ma- 
terial in photographic or lithographic 
work, and since they all have a ther- 
mal expansion coefficient of about 5 X 
1075 per deg. F., which is about eight 
times that of steel, they tend to in- 
crease the liability of error by that 
much. This reason, plus the fact that 
plastics are vital to the present emer- 
gency, makes the choice of either steel 
or aluminum more appropriate. 


Humupity. Changing humidity has a 
marked effect on tracing cloth, tracing 
paper, wood, detail paper, some plas- 
tics and other non-metallic substances. 


Human FAcTOR. On the human factor 
rests the initial responsibility for an 
accurate drawing. Since this factor is 
common to all the works of man, it 
can hardly be more than mentioned in 
passing. It is up to the individual com- 
pany to select and train superior 
layout men. 


REPRODUCTION Processes. These may 
be classified as contact methods us- 
ing photographic materials, contact 
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methods using lithographic or chem- 
ical means of transfer, and projection 
methods using photographic materials. 


Types of Energy 


In any discussion of template repro- 
duction it is necessary to understand 
fully the difference between fluores- 
ence and phosphorescence, since proc- 
esses involving these types of energy 
are now so widely used. Fluorescence 
is applied to the radiant energy emit- 
ted from a material being activated by 
some other form of radiation of a 
shorter wavelength. This fluorescence 
is usually in the visible spectrum but 
may be either above or below it. 

The wavelengths present in a beam 
of X-rays being emitted from a tube 
operating at 100 kv. peak can be as 
low as 0.125 Angstroms while the 
lower limit of visual detection is 
around 2,500 Angstroms. Reference to 
a spectral chart will show that the 
fluorescent substance considerably in- 
creases the wavelength. This is 
brought about by the absorption of the 
high energy X-rays in the atom of 
fluorescent material and the displace- 
ment of an electron from its normal 


position, usually in the K shell. to ą 
higher energy level. The electron then 
falls back to its normal shell with the 
emission of a longer wavelength than 
that which raised it in the first place, 

Since the quantum theory states that 
the total energy, E, is the relation 
between Planck’s constant, h, and 
wavelength, A, 

E = AA 

and there is an increase in wavelength, 
it is obvious that there has been a loss 
of energy in the process. This loss js 
in the form of a minute quantity of 
heat and the propagation of secondary 
X-rays of longer wavelength than the 
incident beam. Since the total energy 
is diminished, the average wavelength 
is increased. In some substances it js 
increased until it has reached a visible 
radiation beginning at 4,000 Ang. 
stroms and continuing up as high as 
6,000 Angstroms for others. Calcium 
tungstate for instance will fluoresce 
well into the blue, 2,500 to 3.800 
Angstroms, while fluorescein and an. 
thracene, organic dyes, will emit 
greenish fluorescence when irradiated 
with X-rays. Since photographic films 
are most sensitive to blue, violet and 
ultra-violet, it follows that a material 
fluorescing in these wavelengths will 
give the best photographic results. 

After a substance has been activated 
for some time and the energy source 
is shut off, the displaced electrons will 
continue to fall back to their normal 
energy levels with the emission of radi- 
ant energy. This phenomenon is known 
as phosphorescence to distinguish it 
from fluorescent radiation during ac- 
tivation. Phosphorescence may con 
tinue in some substances as long as six 
to ten hours but can be more quickly 
exhausted by exposure to heat or 
infra-red rays, which accelerate the 
“falling back” process. 

The energy output of an X-ray tube 
follows the equation 

E — VZ'i 

where E is the efficiency, V is the kile 
voltage, Z is the atomic number of the 
target material and i is the milliam 
peres. Since the intensity varies in 
versely as the square of the distance, 
it is advisable to increase the kile 
voltage to obtain more intense radie 
tion when covering an increased area. 

The fluorescent lamp in every day 
use for illumination operates on the 
principles described above, except 
that instead of X-rays the fluorescent 
coating inside of the tube absorbs 
ultra-violet rays and emits any one 0 
a number of colors, depending on the 
fluorescent material used. Althoug 
there is some energy loss, it is small 
compared with the loss in energy 9 
incandescent lamps through heat. 
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Photosensitive Materials 


for a few minutes to set the emulsion 


other methods involving lithographic 



























































z and then dried at room temperature procedures. : ; 
he There are three general types of for an hour before use. These emul- Other types of materials available 
“a photosensitive emulsions used for tem- sions are available in any desired are sensitized glass plates for the 
d plate reproduction work. These are speed for projection, contact or arc- projection method and sensitized trac- 
J transfer paper, gel and lithographic light use. They are adaptable to the ing cloths and papers. Glass plates are 
*. emulsions. Each is applied in a dif- X-ray methods, projection. methods. available from Hammer Dryplate or 
lon ferent way. masking phosphorescent method and Eastman in a variety of speeds and 
ind Mester paper such os Eastman reflex printing. The equipment neces- contrasts to suit requirements. Sensi- 
Linagraph, is applied to metal that has sary is a silver-plated spray gun, a tized tracing cloths and papers are. ob- 
th B been degreased, primed and sprayed spray booth located in a dark room, a tainable from a number of photo- 
o« B with lacquer by means of a laminator chill-box and space for curing. Hand graphic and drawing supply houses in 
; is vhich first softens the lacquer with a spraying is not recommended because any speed or transparent base needed. 
of @ cement and then rolls the transfer of the toxic properties of photographic 
ary paper, emulsion side to the lacquer, gels. resulting in incurable argentitis. Processing 
the Bi onto the softened surface. After one to Some use of the silk-screen applica- 
"m hours of curing, to permit the tion method has been made in this A principal factor affecting the 
i cement solvent to evaporate, the tem- country, particularly by Photoprint. quantity reproduction of engineering 
tis B porary paper support can be stripped Lithographic emulsions are usually information on various materials is an 
ble BB from the sensitized sheet, which is either potassium or ammonium dichro- efficient system of handling and proc- 
"- m ready for exposure. mate solutions in a colloid such as essing the sensitized and exposed 
| The paper backing protects the gum arabic or rosin. They are warmed sheets. Ample room to move and turn 
ium BB emulsion from abrasion, fingermarks, before pouring onto a sheet in a large sheets is necessary. All aisles 
esee BB and dirt until ready for use. The ad- whirler. The device consists of a motor- should be at least as wide as the wid- 
300 B hesion of transfer paper is good on driven table of sufficient diameter to est material handled. Whenever pos- 
an. carefully cleaned and lacquered accommodate the largest-sized sheet sible, the laboratory should be ar- 
emit M sheets. Necessary equipment includes used and a stationary guard around ranged so that the materials travel 
ated BB «spray booth for lacquering, the lam- the perimeter to protect the operator through the laminator or other sensi- 
films @ inator, and a curing cabinet. This from stray sheets of metal and excess tizing operation, curing, storage and 
and BB paper comes in rolls up to 200 ft. long emulsion. The emulsion is poured onto cutting. exposing. processing and dry- 
erial $ and 42 in. wide. To laminate sheets the sheet at the center of the table, ing in a direct line. Provisions should 
will BB wider than 42 in., two rolls of appro- the centrifugal force of the rotary mo- be made by means of A-frame trucks 
d priate width are mounted on the lam- tion spreading the liquid uniformly for the delivery of painted sheets from 
;ated BB inator and applied simultaneously. over the entire surface. Drying is done the paint booth to the sensitizing sec- 
und Linagraph paper is practical for X- by heaters installed in the cover of the tion. Storage of painted stocks should 
win B ray methods. It has a speed about guard, or by whirling the sheet until be as close as possible to the sensitiz- 
ma] B twice that of a fast, contrasty projec- it is dry. This type of emulsion is used ing tables or booth. 
radi. B tion paper, with considerable sensi- in the Electro-Etching method and in Handling may be by hand except 
nown  Uvity in the ultra-violet region. It is 
sh i aso adapted to use with reflex print- 
g ac ing projection methods, and the 
com $ masking phosphorescent method. 
as siz Photo-Loft transfer material, sup- 
tickly @ Plied by Di-Noc-Cramer, and also 
st or B applied with a laminator, has a black 
e the Mporary paper support which is 
photographically safe under moderate 
> tube fm White lights. Sensitometric qualities 
| of Photo-Loft are satisfactory and 
laminating characteristics are being 
> kilo $ improved. Photo-Loft is supplied in 
of the $ three emulsion speeds—No. 00 for 
liam li high contrast contact printing, No. 1 
es in for either contact or projection print- 
tance Ming, and No. 2 for projection work. 
, kil. B Vidths of 48% in. are available in 
radia [ii '»lls 65 or 125 ft. long. 
lare B Gels are obtained in pint jars and 
-y day“ sprayed onto sheets coated with a 
on the ™atte-surface template lacquer. Agfa 
excep BB 22d Hammer Dryplate in the United 
rescen tates and Minox in England are 
bsorbs ll $mong the vendors of such materials. 
onec The sheets are placed either ver- 
on the i cally or horizontally and sprayed by 
though hand or with a machine, the gel hav- 
; small I "E been warmed to 90 deg. F. before 
rgy ol application to make it flow. The 5 
at. sprayed sheets are run into a chill-box Bridge-type crane is recommended for handling large sheets. 
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when developing. fixing and washing 
large sheets. For this purpose a bridge 
crane mounted on two rails about 9 
ft. apart with the hook centered over 
the tanks. should be provided. A lift- 
ing speed of at least 35 ft. per min. is 
desirable. A motor unit of this descrip- 
tion is the Comet hoist with a 250 lh. 
capacity. 

The most convenient method of fast- 
ening sheets to the crane is by vacuum 
cups mounted on a hardwood rod with 
a stainless steel foot to support the 
sheer weight of the sheet and either a 
handle at the top or a slot for use with 
the crane. These hangers may be used 
individually for small sheets, or two 
may be mounted on a T-section of bar 
and handled by the crane. The use of 
vacuum cups is much simpler and 
faster for processing metal reproduc- 
tions and also precludes the necessity 
of drilling or punching holes in the 
edges of sheets for the insertion of 
clevises or hooks. Release of the sheet 
is effected by lifting one of the “ears” 
of the cup. Vacuum cups also greatly 
facilitate the picking up of sheets 
lying flat. 

There has been some use made of 
flat processing tanks, but nearly all 
laboratories have installed vertical 
tanks to conserve both factory space 
and prevent unnecessary aerial oxida- 
tion of the developer. The transfer of 
sheets from one flat tank to another 


carries over an excessive amount of 
developer into the short stop, thereby 
lessening the effective life and remov- 
ing an amazingly large amount of the 
developer. When the sheet is allowed 
to drain for a few seconds between 
vertical tanks, this carry-over is cut to 
a minimum. Flat tanks to accommo- 
date 60 x 144-in. sheets would occupy 
about 240 sq. ft., while vertical tanks 
handling the same size sheets occupy 
only 60 sq. ft. of space. 

\ vertical wash tank equipped with 
water spray jets is best for large 
sheets, while a flat tank with a per- 
forated pipe across one end and a 
drain at the other serves the double 
purpose of washing many small parts 
without tying up hangers and makes a 
convenient place to handle reducer or 
to strip the emulsion from obsolete 
reproductions. 

The tanks can be made either of 
stainless steel or wood, the latter be- 
ing less expensive and serving well 
for at least two or three years. Cy- 
press, redwood or Douglas fir with 
tongue and groove joints will make a 
serviceable tank with walls at least 
3 in. thick at a cost of about $250. 
Drains of hard rubber piping and 
plug cocks make non-corrosive fittings. 

If the climate is such that cooling 
of the solutions is necessary to main- 
tain a temperature of about 68 deg. 
F.. this can be accomplished by sur- 


taai i a REM 


Vertical processing tanks require less floor space. 


rounding the tanks with an insulate 
box. The spaces between the tanks ap 
air conditioned by a relatively smal 
and inexpensive compressor unit wj 
cooling coils and fan, costing aboy 
$400 installed. The alternative metho 
is to install elaborate circulating sy. 
tems for each tank and pass the dj. 
culated solution through a heat « 
changer. One compressor will hand) 
three exchangers and hold the tempe. 
ature within a fraction of a degre 
This, however. is quite expensiw 
about $2,500, and is unnecessarily x 
curate for the purpose it serves. Tank 
that are not recirculated should b 
well stirred each morning. 

Vertical tanks may be mounted en 
to end or side by side, the arrang 
ment depending largely on the pr. 
portions of the space available. 

North American Aviation at Ingk 
wood has set up a laboratory for hap 
dling large quantities of sheets with; 
minimum of hand work. The now 
part of this equipment is the powe 
driven overhead crane system whid 
automatically carries a sheet throug 
a spray wash and past a bank of i 
fra-red drying lamps. This reliev: 
several man-hours a day for more us 
ful work than carting around larg 
unwieldy sheets of metal. 

An all-around developer for th 
sensitive materials applied to met 
is D-11. This is a very high contra 
elon-hydroquinone formula with i 
normal exposure developing time : 
about 4 min. It has good keeping qui 
ities. Some laboratories find that D. 
or DK-60a-TR will give good result 
A short-stop bath is necessary to pr 
serve the life of the fixing bath ax 
stop development quickly at the rig: 
moment. Fixing bath F-5 is a rap: 
gelatin-hardening bath and will woi 
well until a silver content of 4 grax 
per liter has been reached. The sil 
may then be removed by the labor: 
tory, or in some localities there ar 
concerns which will buy the a 
hausted bath. A fixing time of 4! 
9 min. in a fresh bath is ample to di 
solve the unreduced silver halid 
Washing from 3 to 6 min. in a rapid! 
changing wash tank is sufficient. P; 
wiping or squeegeeing the excess watt! 
from a washed sheet the drying time: 
cut to about 10 min. under ordina 
room conditions. 

Series 0 indirect safelights give: 
maximum darkroom illumination y¢ 
are “safe” to most of the photo-sens 
tized materials used. 


Epiror’s Note—The next installmet 
in this series of articles will cover pre 
jection methods using photograpl 
materials for reproducing template 
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INDUSTRY AND SOCIETIES 


NEWS - READER LETTERS - MEETINGS 


Devices and Ideas Sought 
To Help Win the War 


[DEAS AND INVENTIONS that will help 
to win the war are being sought by the 
Smaller War Plants Corporation. The 
Technical Development Section, 226 
W. Jackson Blvd., Chicago 6, Ill, is 
st up to handle new inventions and 
ideas. Already hundreds of new devel- 
opments and devices have been han- 
dled and many have already gone to 
the “front” and are being used by the 
armed forces. Many others have 
stayed on the home front to help boost 
civilian morale. Any reader of ProD- 
uct ENGINEERING who has an inven- 
tion or idea that will help in this cam- 
paign is urged to contact the above 
organization. One simple invention 
might shorten the war by months. An- 
other might save thousands of lives. 


Post-War Plan Contest 
Launched by Firm 


To ASSIST THE MANAGEMENT in plan- 
ning for the future, a competition 
among the employees of The Lincoln 
Electric Company has been an- 
nounced. Awards will be made for the 
suggestions which indicate to the 
judges the greatest value to the com- 
pany. Suggestions are to cover: “(1) 
Post-war products which the company 
isin a position to build and which are 
along the line of its present endeavor 
and on which its present experience 
will be of benefit; (2) methods of 
manufacturing such post-war products 
suggested, or method of manufactur- 
ing its present products.” First, sec- 
md and third prizes will consist, re- 
spectively, of $500, $300 and $100. 
Identity of contributors will be kept 
irom the judges. 


Restrictions Lifted 
On Specialized Fastener 


Propuction oF Rivnuts, a one-piece 
combination rivet and nut plate de- 


veloped by the B. F. Goodrich Com- 
pany to fasten its rubber de-icer to 
airplane wings, has been expanded to 
the point where this type of fastener 
is being offered for general industrial 
use, although its availability is limited 
by priority ratings. The fastener was 
invented in 1935 to provide a better 
attachment than the ‘combination of 
rubber cement and lacing cord used 
in early applications. The device is a 
threaded, tubular -rivet which. by 
means of a special tool, is “headed” 
from one side only of the work. It can 
be used as a straight rivet, perma- 


nently headed on both sides, and the 
interior threading permits insertion of 
a screw so that the parts can later be 
separated. 


Elasticity Determines 
Many Nylon Rope Uses 


OF THE DESIRABLE PROPERTIES of Nylon 
rope, its peculiar elasticity is pointed 
out by E. I. du Pont de Nemours & 
Company as the quality that has de- 
termined its suitability for many uses. 
Nylon rope stretches rapidly but re- 


7,000-Hp. Motor Drives Plate Mill 


The most powerfal electric motor 
in the world—powerful enough to liit 
a destroyer to the height of a 15-story 
building in one minute—has been 
completed by the General Electric 
Company for driving the reversing 
rougher of a 132-in. semi-continuous 
plate mill in the new plant operated 
by the Geneva Steel Co. It is a 
double reversing d.c. motor, rated at 
7,000 hp., and operating on 700 volts. 
Operating speed is 25 to 60 r.p.m. 
It consists of two 3.500 hp. units con- 
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nected in series on hollow cylindrical 
bodies coupled together at the center 
and provided with flanges at the ends. 
To these flanges are bolted shafts of 
sufficient size to support the rotor in 
its bearings and transmit the driving 
power. Dimensions are 44 ft. length, 
16 ft. outside diameter, and weight 
nearly 1,000,000 lb. The motor is 
powered by a 7,000 kw., six-unit fly- 
wheel motor-generator set. Nine freight 
cars were necessary for shipping the 
assembly. 
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covers slowly, because of hysteresis. 
When the rope is stretched much of 
the energy goes into heat and only 
part of it is converted into recoil. 
Other characteristics possessed by 
this type of rope are typical of Nylon 
as a plastic—strength, light weight 
and durability. 

One of the uses of Nylon rope which 
illustrates its elasticity is in the non- 
stop pick-up of air mail. Under this 
arrangement a loop of rope is draped 
over two standards in the ground. The 
low flying plane is equipped with a 
pick-up hook which contacts the rope 
and the mail container is then wound 
on an electrically-driven winch into 
the plane. At the moment of contact, 
line is paid out from the winch and 
an automatic brake gradually snubs 
the line. Before Nylon rope was 
adopted for both the mail bag loop 
and the winch line, a hydraulic shock 
absorber was used. The “shock ab- 
sorbing” quality of the Nylon rope 
eliminated the need for a hydraulic 
shock absorber to take up the initial 
shock of the inertia of the winch, 
which must be set in motion quickly. 


Industrial Rubber Goods 
Switched to Synthetic 


AFTER MORE THAN A YEAR of research 
and development work the Goodyear 
Tire & Rubber Company has an- 
nounced the conversion of a major 
portion of its line of industrial goods 
to synthetic rubber. Products which 
have been converted include transmis- 
sion, conveyor and elevator belts; 


hose V-belts; rolls of all kinds; ay 
molded products. Tests have indicate 
that in many cases the synthetic m, 
terial is superior to the natural. Thi 
applies particularly to products i 
which resistance to oils, acids, dete, 
gents and similar materials is desi, 
able. In addition, it has been fow 
that synthetic rubber withstands wide 
temperature ranges than does natunj 
rubber for mechanical rubber goog 
applications. 


Discussions and Comments From Readers 


SOURCE OF SUPPLY 
OF STRESSCOAT GIVEN 


To the Editor: 

We certainly were pleased to see 
the very able article by Mr. Anderson 
on “Testing Designs of Machine Parts 
by the Brittle-Lacquer Method,” head- 
lined as your first article in the Oc- 
tober, 1943, issue, page 611. However, 
we were disappointed in seeing no 


Airplane Tire Mold Weighs 30 Tons 


One of the largest tire molds 
ever made was recently completed by 
the Farrel-Birmingham Company. The 
mold is two 15-ton Meehanite castings 
which, after cleaning, were heat- 
treated to eliminate possible residual 
casting stresses. It is being used in 
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the production of 110-in. dia. tires. 
Meehanite was selected because high 
strength, close grain structure and 
free machinability are necessary char- 
acteristics of the mold. Each of the 
tires produced weighs 1,800 lb. and is 
used on large aricraft. 


mention of the fact that Stresscoat 
about which Mr. Anderson is talking 
is a commercially available product o 
our company, the Magnaflux Corpore 
tion, 5900 Northwest Highway, Chi 
cago 31, Ill, and as far as we know 
is the only similar method and prod 
uct which will do the job satisfac 
torily. 
—GREER Ets 
Manager, Stresscoat Division 


FURTHER ERROR NOTED 
IN EPICYCLIC GEAR TRAINS 


Through a misunderstanding th 
note at the bottom of Fig. 4 of the 
Reference Book Sheet on epicycli 
gear trains on page 610 of the Sep 
tember number of PRODUCT ENGINEER 
ING ended with the value V.>N,. This 
value should have been N.< N.a. 


ADDITIONAL DATA OFFERED 
ON STEEL CASTINGS 


To the Editor: 

I have had time only to briefly sca 
through the pages of the special inser 
on steel castings in your November 
number, but two points stand out. 

First—On page 9, the picture shows 
a design of pump that I feel quite 
certain never would be used in a cor 
rosion-resistant alloy. It looks more 
like a heavy iron body, and does not 
have the refined contours and stream 
lined sections that are used in chem: 
cal pumps or pumps made of high 
alloys. The flanges on the particular 
pump in question we do not believe 
would ever be used in an acid- or cor 
rosion-resistant pump. As a matter dl 
fact, the whole design looks like 4 
heavy, cast iron job. 

Second—Under the heading “Low 
Alloy Steels” on page 11, in the last 
paragraph you state, “Such steels are 
used at temperatures ranging from 
900 to 1,500 deg. F. and meet require 
ments for moderate corrosion resist 
ance as well" The materials referred 
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to are nominally called the 4-6 percent 
chrome 0.50 percent molybdenum, I 
believe. In this case you show 1 per- 
cent molybdenum, with 5 percent 
chromium. Such materials are not 
recommended for use above 1,100 deg. 
F. Somebody might inadvisedly make 
such a recommendation. 

] am sorry I have not had time to 
review the entire copy very carefully, 
but would state that you appear to 
have covered some of the most im- 
portant phases. —W. B. SuLLIVAN 

Lebanon Steel Foundry 


To the Editor: 

We have carefully studied your 16- 
page booklet "Steel Castings" and, in 
view of your sincere request for com- 
ments, we give them below: 

1. The leaflet is practically pre- 
pared and should arouse considerable 
interest. 

2. The data correlated are probably 
so correlated for the first time in con- 
densed form. 

3. We believe you are attempting 
the impossible. To correlate all the 
important data in fields covering low- 
temperature properties in addition to 
corrosion resistance and high-temper- 
ature properties, you have of necessity 
been forced to omit many analyses 
that are in tonnage production today. 
The following are specific examples: 

a. On page 8 under “Cast Armor” 
you give five analyses—four of which 
we are sure are not produced for cast 
armor plate in any tonnage whatsoever 
in this country today. We refer to the 
three high-nickel containing and the 
one carbon-steel analyses. In view of 
the fact that you list these analyses 
under “Cast Armor” and also indicate 
post-war possibilities, we believe it 
would have better better if you had 
listed some of the analyses actually 
produced for cast armor currently. 
The NE 8630 steel that you charted 
does not cover an analysis that is in 
tonnage production for cast armor, al- 
though some of the modifications are 
in production. 

b. In your list on page 9 of castings 
for corrosion resistance, you do not 
list two of the largest tonnage items. 
We should venture a guess that the 4-6 
percent chrome plus molybdenum 
steel and the 9 percent chrome plus 
molybdenum steel together represent 
as great a tonnage in cast steel for 
corrosion resistance as those listed. 

€. Your listing of corrosion-resistant 
alloys on pages 12 and 13 does not 
include at least one of the important 
alloying combinations, namely the 9 
percent chrome with or without molyb- 
denum. —C. M. Loes, Jr. 

Vice-President, 
Climax Molybdenum Co. 


Test Chamber Built of Transparent Plastic 


Transpareney and ease of forming 
of methyl methacrylate plastic led 
R.C.A. engineers to devise this radio 
testing chamber similar to the 
unfinished nose of American bomb- 
ing planes. Testing and visual 
inspection of apparatus by several 
engineers at once is possible. The 
chamber is cone-shaped, about four 
feet high and five feet in diameter at 


its base. It is made from sheets 7$ in. 


PLANK PROBLEM SOLUTION 
ATTEMPTED BY MANY READERS 


Editors Note: So many readers sub- 
mitted solutions to the plank problem 
published on page 747 of the Novem- 
ber number that space does not permit 
publication of even the names of these 
readers, let alone their solutions. This 
problem can be solved by three gen- 
eral methods—similar triangles, suc- 
cessive approximations, and graph- 
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Rohm & Haas, Inc. 


thick, reinforced with heavy transpar- 
ent ribs. Air-tight sealing is accom- 
plished by fitting a heavy platform, 
arranged for mounting radio appa- 
ratus under test, with a ring of soft 
rubber. As air is withdrawn by a 
vacuum pump, atmospheric pressure 
on the outside of the chamber forces 
it down into the rubber ring creating 
an air seal. The test chamber cone is 
then lowered onto the rubber ring. 


ically. Most readers used the similar- 
triangles method, solving the equa- 
tions established therefrom by Horn- 
er’s method. One of the most complete 
solutions submitted is presented to 
show the various steps involved. 


To the Editor: 


Herewith is a solution for Mr. L. M. 
Beaven’s problem in the November 
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issue of Propuct ENGINEERING. From 
similar triangles 
oa ie 8—y or, clearing. 
y 6—z 
z2—622y—8y (1) 
But z?+y:=1 = or 
y=Vl-2 (2) 
Substituting (2) in (1) and com- 
bining terms we get 
a—62°+ 242+ 32 — 15.75 = 0 
This equation can be solved by 
Horner’s method, as shown below. 
Since it is obvious from the conditions 
of the problem that x is less than 1 
the first digit of the value of x can be 
obtained by neglecting the powers of x 
above x? and then solving the quad- 
ratic equation 


24 z1 - 8 z — 15.75 
This solution gives x equal to 0.8 
plus. 


x 6623 +24z* +3z —15.75 0.8 
—6.0 +24.00 
+0.8 — 4.16 
—5.2 +19.84 
+0.8 — 3.52 
—4.4  +16.32 
+0.8 — 2.88 
—3.6 +13.44 
4-0.8 


—2.8 


+3.000 
+15.872 


+18, 872 
+13.056 


+31. 928 


— 15.7500 
+15.0976 


— 0.6524 


The converted equation now reads 
x* minus 2.8x? plus 13.44x? plus 
31.928x minus 0.6524 equals 0. Since 
the next digit in the value of x is a 
still smaller one we may now neglect 
the powers of x above the first power 
in finding the next digit and have 
31.928x equal to 0.6524 and x equal 
to 0.02 plus. 


—2.80 4-31.928000  —0.65240000 0.02 
+0.02 + 0.267688 +0.64391376 


—2.78 +32.195688 —0.00848624 
+0.02 + 0.266584 


—2.76 +32. 462272 
+0.02 054 


—2.74 
+0.02 


—2.72 

Again using the converted equation 
we let 32.462272x equal 0.00848624 
and find the next digit to be 0.0002 
plus. Continuing to repeat this process 
to as many decimal places as desired 
we find x equals 0.82025 plus. From 
equation (2) we get y equal to 0.5720. 
Having the values of x and y it is easy 
to calculate the value of L, which is 

found to be 9.055 plus feet. 
—D. A. COTTON 
Process Laboratory, 
Delco-Remy Division, 
General Motors Corp. 


UNUSUAL TWISTER 
SUBMITTED BY READER 


To the Editor: 

I wish to submit to your readers an 
unusual problem that was encountered 
in the design of a spacer ring, which 
was required to correct the angular 
relation of a unit in a machine as- 
sembly. The spacer was required to 
have an outside diameter of 10 in., as 
shown in the drawing. Also, the spacer 
had to be 0.0048 in. thicker at B than 
at A, 0.0050 in. thicker at C than at A. 
and 0.0002 in. thicker at D than at A. 
The problem is to find the highest 
point on the ring, and the angle at 
which to set a magnetic chuck upon 
which the ring would be mounted 


when grinding the ring to get the re. 
quired dimensions. 

Some of your readers undoubtedly 
would like to solve this problem before 
seeing my solution. 

—P. H. Win 
Heald Machine Co, 


Do You Know That— 


WHEN “AIR JEEP” wooden wing spars, 
laminated with synthetic resin glue, 
were twisted 180 deg. and released, in 
recent tests, they snapped back to 
their proper shape and showed no 
unfavorable results from the strain. (1) 


Over 5,000,000 tons of metal were 
saved in 1943 by the use of wood and 
glue construction. (2) 


Ir REQUIRES 400,000 lb. of paint— 
enough to cover 7,200,000 sq. ft. of 
surface—to paint a battleship. (3) 


POST-WAR GOLF BALLS may have cen 
ters of sugar and water which will be 
liquid at low temperatures, on the 
premise that golf balls with liquid 
centers are superior to those with 
solid cores. (4) 


Meetings 


Society of Automotive Engineers— 
Annual meeting and engineering dis- 
play, Jan. 10-14, Book-Cadillac Hotel. 
Detroit, Mich. 


American Institute of Electrical Er 
gineers—National technical meeting, 
Jan. 24-28, New York, N. Y. 


American Society of Heating and 
Ventilating Engineers—50th annual 
meeting, Jan. 3l-Feb. 2, New York, 
N. Y. 


Engineering Institute of Canada— 
58th annual meeting, Feb. 10-11 Cha 
teau Frontenac, Quebec, Can. 
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Reconversion 
and Contract Termination 


E. industry is dedicated to an all-out 


effort to achieve victory, and its good faith 
in this direction is amply demonstrated by the 
results. 

American industry also is dedicated to making 
‘democracy work effectively after the victory. And 
it is toward this objective that industry must 
prepare itself to guide the processes of demo- 
bilization and reconversion in order to minimize 
the dislocations and chaos which too easily can 
result from so tremendous a task. 

We exercised foresight from the very beginning 
of the war mobilization program. Let us now ex- 
ercise foresight in the approaching changeover 
from a wartime to a peacetime economy. 

The first step in converting American industry 
from military to civilian production is the termi- 
nation of contracts between the government pro- 
curement agencies and the producers. There are 
now in force war contracts amounting to tens 
upon tens of billions of dollars. As the demand 
for weapons of war decreases, the Armed Services 
will undertake to cancel contracts. With the em- 
phasis shifting from weapons of one category to 
weapons of another category, many billion dol- 
lars worth of contracts already have been termi- 
nated. It is hoped that the experience now being 


gained in this work will provide the basis for ef- 


fective and sound procedures when an avalanche 
of cancellations comes later. 

Many complex problems involved in the termi- 
nation of contracts will materially influence the 
success of the entire reconversion program. Once 
war demands fall off sufficiently to permit the 
renewal of civilian production, we will have to 
act with great speed if we are to avoid large-scale 
unemployment. Prompt financial settlements of 
contracts and the rapid clearance of plants are of 
immediate and great significance. In many cases 
the removal of equipment and raw materials will 
be more important than money payments. The 
allocation of raw material for civilian production 
will be of paramount importance. 

Government agencies obviously must exercise 
great care in spending the people’s money and 
in protecting the interest of the public against 
excessive payments. Unjust enrichment at the ex- 
pense of the people will not be condoned nor 
will it reflect favorably upon management to 
present inflated claims. But long-delayed nego- 
tiations, which will retard the initiation of ci- 
vilian production, likewise must be avoided. 

The contracting agencies and the manufac- 
turers both know that the greatest losses in the 
reconversion period will result from delays in 


getting peacetime production under way. The 





greatest potential wastes lie in unemployment 
and in idle plants. The magnitude of such losses 
to the public can be far greater than the money 
spent in liberal settlements; to the manufacturer, 
these losses can represent vastly more than the 
extra funds that might result from interminable 
litigation. Policies must be firmly established 
now whereby the manufacturers, including sub- 
contractors and suppliers, will receive substantial 
settlements immediately in order that ample 
funds be available for reconverting plants and 
accumulating necessary inventories of peacetime 
goods. Nor must we overlook the fact that the 
uncertainty of long drawn-out disputes will have 
a stifling effect on enterprise and that final settle- 
ments, therefore, should be made as promptly 
as possible. 

Plants that are equipped largely with special 
wartime tools and machines and that are fully 
stocked with materials, components, and finished 
military products will not be able to undertake 
any substantial degree of conversion until this 
machinery and this inventory are removed. Ad- 
vance arrangements are essential for the prompt 
clearance of great numbers of plants the country 
over. Adequate warehousing facilities must read- 
ily be available so that the changeover to civilian 
production will not be hampered. 

As war demands decline, civilian output will 
be resumed; and while we recognize that the 
demands for munitions must vary as the strategy 
of the military leaders is changed, it is hoped 
that the Armed Services already have or soon 


will develop schedules of their continued needs 








under different strategic assumptions. If we kno 
in advance the probable curtailment in war x 
quirements we are in position to estimate thi 
timing and the quantities of raw materials, thf 
number of workers, and the industrial facilitigf 
which will be available for peacetime purposs f 
It will then be possible to integrate the liftin 
of restrictions on civilian production with th | 
drop in war production. 

Needless unemployment and idle plants wil ii 
prevail if restrictions on the output of civilinf 


goods are removed at a slower rate than availabi fe 


manpower, materials and plants permit. On th 


other hand, if the controls on civilian produ] 
tion are removed prematurely or too freely, thaff 
the production of military requirements will b 
hampered correspondingly. There will be greaf 
clamor and pressure for eliminating all restric li 
tions as soon as any measurable quantity of mate f 
rials and numbers of workers are freed from wa 
work. It will react adversely on industry as wel | 
as on government if these pressures are hcede | 
indiscriminately, thereby retarding the produc 
tion of munitions for our boys who still will b] 
fighting and dying at the front. The coordinatioif 
of declining war demands with increasing civilia 
production probably is the most difficult and a 
the same time the most important task in ou 
entire reconversion problem. Advance planning 
and sound judgment are essential. 

An order of priority for initiating non-war 0 
civilian production must be prepared beforehand 
The schedule of resumption of peacetime pre 


duction should: be governed by the amounts c 











aaterials, manpower and facilities that are avail- 


ble as well as by the relative needs or importance 





hf different products. There will be streng com- 





[petition for priority among the various kinds of 





konsumer goods, equipment needed for recon- 





version, producers goods required for expansion 





and modernization, and export demands. Rela- 





itive need obviously is the most compelling cri- 





terion. But because of the importance of expedit- 





ling reconversion, earliest consideration is urged 





for the tools and fixtures and models which will 





ilian 





lexpedite large-scale civilian production when ade- 


quate labor and materials are available. In any 





ase, advance schedules will be needed to avoid 


duc 
hen 
lh 

Ted | Another difficult problem of the reconversion 
period will be to keep to a minimum the distor- 





h makeshift, piecemeal lifting of controls on the 





«basis of who shouts the loudest. 







tric 
ion of inter-industrial and intra-industrial rela- 





late. 





tionships. Many varieties of consumers goods 





ef compete for the consumer dollar, and some in- 





dustries will offer strong resistance if the green 






light is given first to industries whose products 





may thereby acquire a time advantage. 





Even more difficult will be the matter of com- 





petition between companies producing the same 





Products. Some manufacturers may find them- 





elves tied up with continuing war contracts 





with restrictions on their peacetime products 





suddenly lifted and their competitors free to 





take advantage of the situation. The declining 





need for different kinds of war materiel will vary 





greatly, and some producers inevitably will be 





Pevailable for peacetime production considerably 








in advance of some of their competitors. 

This raises the question of victory models or 
nucleus plants to eliminate competitive advan- 
tages among producers of identical products 
pending the time when all are on an equal 
footing again. Policies controlling this should 
take into account the degree or the extent of 
competitive advantage which reconversion might 
bring, and also upon the time interval during 
which these advantages will prevail. Such pro- 
grams necessarily mean increased government 
control, hence they should be adopted only un- 
der the most pressing circumstances. 

There is the important question of termina- 
tion as between large and small plants. Fairness 
must be exercised, and undue advantage to either 
group must be avoided in extending opportuni- 
ties to continue receiving profitable war orders 
or in getting back into civilian production. The 
problems of small manufacturers must not be 
neglected in this period. Likewise, any restraints 
on new ventures and on more vigorous competi- 
tion must meticulously be avoided. 

There also is the question of communities 
which have been greatly enlarged and others 
which actually have been brought into being 
by the war. It might be advisable to terminate 
contracts in these areas first in order that the 
workers might be encouraged to migrate else- 
where while employment prospects are most 
favorable. Also, if continued production of some 
armaments is contemplated after the war, it might 
be well to concentrate this production in commu- 


nities which otherwise would be stranded. 





If the process of terminating contracts is to 
be geared into meeting continued demands for 
munitions and also expediting reconversion, then 
the Armed Services must accept broad policy 
considerations as criteria for cancelling contracts. 
Procurement officers might be inclined to cancel 
contracts with all high cost producers first. Or 
they might be inclined to cancel small producers 
first so as to reduce the administrative burden. 
Then again, they might cancel the newer pro- 
ducers of specific products rather than the older, 
time-tried manufacturers. 

These procurement criteria may all be highly 
desirable and efhcient but other important con- 
siderations such as those mentioned above must 
be given proper attention. Demobilization can- 
not be a separate process from reconver- 
sion. They must be united. The termination of 
contracts is a demobilization task, but I am con- 
fident that the procurement agencies appreciate 
the importance of this operation in facilitating 
reconversion and that they will take full cogni- 
zance of the policies necessary for giving every 
assistance to initiating peacetime production. 

I have not attempted to raise all the important 
policy questions in terminating contracts, nor do 
I propose specific solutions for each major prob- 
lem. Rather it has been my purpose to indicate 
the complexities of the task which faces us and 
to urge that intelligent and sound plans be de- 
veloped now while there is time. By so doing, 
we can avoid the dislocations and economic dis- 


order which otherwise might characterize the re- 


conversion period. The better we are prepare 
the more rapid will be the resumption of fij 
employment and good business after the w; 
is won. 

This job of changing America's industrial pg 


tern from war to peace speedily and efficienth 


is one which will tax the talents and knowledg 


of the ablest business men of the country. The 
men can, and I am sure that they will, attad 
this task with the same energy and determin 
tion that characterized their efforts in the perio 
of mobilization for war. 

Industry advisory committees were establish 
to cooperate with governmental agencies in th 
great task of conversion to a full war economy 
These committees are the means through whid 
industry has the opportunity to play a major rd 
in the solution of the problems of reconversion. |i 
must assume that responsibility or accept the cor 
sequences in the form of enforced governmel 
control. Industry must take a renewed interest i 
these committees and make certain that our bet 
minds and strongest men are available for th 
challenging job of conversion which we face nox. 
It is a job that must be done well if we are to hav 
a good start on the road to a greater democrati 


and free enterprise nation. 


President, McGraw-Hill Publishing Company, Ir: 
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New Books 


Patent Law 


CHESTER H. BIESTERFELD — 225 
pages, 998x814 in. blue clothboard 
covers. Published by John Wiley & 
Sons, Inc., 440 Fourth Ave., New York, 
N. Y. Price $2.75. 


Various provisions of the patent law 
are discussed in this book and an 
effort made to explain the basic prin- 
ciple or rule underlying each subject. 
Quotations from leading cases of re- 
cent years are cited to illustrate the 
discussions. Because the courts have 
been holding invalid 80 to 90 percent 
of the patents coming before them in 
recent years this book should be help. 
ful to engineers who desire up-to-date 
information about patent law and 
legal procedure. It is intended for use 
by engineers, chemists and students 
and is the outgrowth of a series of 
lectures on the substantive patent law 
given in 1941 and 1942 as an extension 
course at the University of Delaware. 


Aircraft Power Plants 


ARTHUR P. FRAAs—472 pages, 6x9 
in., green clothboard covers. Published 
by McGraw-Hill Book Co., 330 West 
42nd St., New York, N. Y. Price $4.50. 


Designed to aid in the solution of 
engineering problems involving air- 
craft, this book is presented in three 
parts devoted to engine operation, en- 
gine installation, and propellors. The 
book presents fundamental terms and 
concepts that offer the reader a good 
background of information on all 
phases of the subject. The method of 
presentation and the material included 
are based on experience gained by the 
author in teaching courses in the sub- 
ject to U. S. Army and Navy officers, 
senior and graduate students in engi- 
neering, and engineers actively en- 
gaged in the aircraft industry. Tables 
and curve sheets for installation de- 
sign and testing are presented. Vari- 
ous types of engines and engine parts 
are pictured. 


Wartime Refresher 
In Fundamental Mathematics 


W. C. Eppy, E. S. PuLLIAM, A. H. 
Brotty, E. C. Upton and G. W. 
THomas—248 pages, 5x714 in., green- 
blue clothboard covers. Published by 


Prentice-Hall, Inc., 70 Fifth Ave., New 
York, N. Y. Price $1.40. 


For anyone who wants to review 
mathematics from simple arithmetic 
to complex algebra this book should 
provide a very easy method. The sub- 
ject matter is divided in units of days 
of the week with a review lesson for 
each week. Problems are given with 
each day’s work and the answers fol- 
low the problems. Thus, an hour a 
day spent with this book for one 
month should refresh the mind of any- 
one who has studied high-school math- 
ematics. The authors have been guided 
by their experience in organizing, 
writing and teaching the “Refresher 
Course in Fundamental Mathematics 
for Basic Technical Training” at the 
U. S. Naval Training School at Chi- 
cago, Ill. The problems, therefore, are 
keyed to today’s technical field. 


Treatment 
Of Experimental Data 


ARCHIE G. WorTHING and JOSEPH 
GEFFNER—6x9 in., 342 pages, green 
clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York, N. Y. Price $4.50. 


This treatise is much more than a 
discussion of methods for smoothing 
values in tables, writing descriptive 
and adequate legends, and choosing 
appropriate coordinate scales for 
graphs. The authors thoroughly ex- 
plore and discuss the many methods 
which are used in interpreting, asses- 
sing the value of, recording and plot- 
ting data or measurements that in- 
volve two or more variables. Discus- 
sions are necessarily of a statistical 
and mathematical nature, but the 
authors do make clear the meaning 
of the physical factors involved. Some 
of the more important subjects dealt 
with are: Tabular and graphical dif- 
ferentiation and integration, Fourier 
series, normal frequency distribution, 
unequally weighted measurements, 
propagation of precision indexes, ad- 
justment of conditioned measure- 
ments, least squares equations, analy- 
sis of non-harmonic periodic func- 
tions, and determinant methods. 


Plywoods 


A. D. Woop and T. G. Linn—373 
pages, 54%x8'% in. red clothboard cov- 
ers. Published by the Chemical Pub- 
lishing Co., 234 King St., Brooklyn, 
N. Y. Price $4. 

One of the most complete treat- 


ments of plywoods so far published, 
this book should be particularly use- 
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ful to design engineers. It is divided 
into eight parts covering development; 
physical properties of wood and ply- 
wood; manufacture of multi-ply; lam- 
inboards, blockboards, composite 
boards and specialties; grading, test- 
ing, packing and storing; plywood- 
producing countries of the world; de- 
velopment of wall panelling; and ap- 
plication. A glossary compiled by H. 
M. Wigg, of the United States Ply- 
wood Corporation, and a preface by 
Lawrence Ottinger, president of the 
same company, are included. One of 
the most useful features of the book is 
a chart of relative properties of com- 
mercial woods, prepared by Walter A. 
Semion, of the Aircraft Production 
Division of the H. J. Heinz Company. 
The authors are British and as a re- 
sult their expression is British. The 
subject is treated from the non-tech- 


‘nical angle, yet it is handled from the 


standpoint of the “trade.” Conse- 
quently, the book is quite readable. 


Bulletins 


Swinging Into Action 
With A Post-War Program 
Published by Committee for Eco- 
nomic Development, 285 Madison 
Ave., New York, N. Y. 16 pages, 
814x11 in. 


A dynamic approach to the problem 
of post-war planning is presented in 
this pamphlet, Case History No. 4 
in a series of reports on what indi- 
vidual enterprises are doing along this 
line. The plan presented here in detail 
is that of Servel, Inc. 


Feeder Voltage 
Regulator Standards 


Published by National Electrical 
Manufacturers Association, 155 E. 
44th St., New York, N. Y. 28 pages, 
8x1015 in. Price 15 cents. 


This publication marks the first 
time that all of the standards of a 
national character having to do with 
feeder voltage regulators and step-type 
voltage regulators have been pub- 
lished in one self-contained volume. 
Subjects treated include temperature 
rise, effect of altitude, ratings, insula- 
tion, temperature, tests, performance 
specifications, bushing characteristics, 
guides for loading, efficiencies and 
losses, accessories, terminal markings 
and definitions of terms. The bulletin 
should prove particularly helpful in 
the application of voltage regulators. 
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Variable Condensers 


Intended for electronic-heating ap- 
plications a line of heavy-duty variable 
air condensers, known as Type CX, 
features electrical design symmetry 
and built-in neutralization coupled 
with mechanical durability. Construc- 
tion of the unit lends itself to the 
built-in mounting of standard in- 
ductors in such a way that lead length 
and resulting lead inductance are re- 


duced to a minimum. Condensers are 
available in capacities up to 5 kw., 
12,500 volts. Barker & Williamson, 235 
Fairfield Ave., Upper Darby, Pa. 


Centrifugal Clutch 


Automatic engagement and disen- 
gagement feature a centrifugal clutch 
that can be produced in an unlimited 
range of sizes and capacities. The 
unit can be used as a coupling be- 
tween shafts, as a driving pulley or 
gear in a transmission or as a starting 
cushion between power units and 
driven mechanisms. Known as Torkon- 
trol, the clutch consists of a partially 
filled oil chamber, fitted with a freely 
rotating hub which carries a series of 
movable wedge-shaped flyweights. As 
the hub revolves these weights fly out- 
ward and engage the internal rims of 
the outer case, binding the hub and 
shell into a functionally-solid pulley 
or coupling. The unit is reversible 
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and can be set to engage or release at 
a given speed and to slip in case of 
overload. This clutch has been built 
in all sizes from 14 to 500 hp. for both 


built-in and general applications. 
Amalgamated Engineering & Re- 
search Corp., 100 W. Monroe St., 
Chicago 3, Ill. 


Lock-Type Protractor 


Known as Xactor, a pocket-size, 
lock-type protractor is designed for 
accurate measurement of angles of 
drill points, tool bits, machine ways. 
and depths of deep holes; for sketch- 
ing and laying out tools and machine 
parts, dies and jigs; and for inspection 
of finished parts. The instrument is 
equipped with a vernier and pivots 
the full 360 deg. Accuracy is said to 
be 1% of 1 deg. A quick-acting and 
compact locking feature on the vernier 
turret secures any specific measure- 
ment or angle by locking both the 
turret and the sliding scale. Industrial 
Engineering Co., 141 W. Jackson 
Blvd., Chicago 4, Ill. 
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Slide-Rule Calculator 


Quick determination of inductance, 
capacitance and frequency compo- 
nents of series of paralleled-tuned 
radio-frequency circuits, as well as 
inductance, turns-per-inch, wire types, 
wire size, coil diameter and coil 
lengths for single-layer wound solen- 
oid-type radio-frequency coils can’ be 
made with a slide-rule type rapid cal- 
culator. All values, in either case, are 
found with a single setting of the 
slide and are accurate to within ap. 
proximately 1 percent for coils rang. 
ing from ' to 5% in. in diameter and 
14 to 10 in. in length. All possible 
combinations within these limits are 
shown. Wire types and sizes include 
ll- to 35-gage plain enamel, ll. to 
36-gage S.S.C., D.S.C., and S.C.C, 
and 12- to 36-gage D.C.C. The rule 
indicates turns-per-inch from 10 to 
160; inductance from 0.1 to 15 micro- 
henrys, capacitance from 3 to 1,000 
micro-microfarads, frequencies from 
400 kilocycles to 150 megacycles with 
equivalent wavelength in meters. Al- 
lied Radio Corp., 833 W. Jackson 
Blvd., Chicago 7, Ill. 


Self-Sealing Coupling 


Ability to withstand 2,500 lb. per 
sq. in. load after ordinary finger tight. 
ening is a principal feature of a dis 
connecting self-sealing coupling. Body 


of the coupling is made of aluminum 
alloy to prevent distortion; springs 
are of heat-treated steel; lightweight 
phenolic poppets are positive sealing 
in action; and a synthetic gasket pre 
vides leak-proof connection when 
coupled for service. The heavy con 
stiuction of the body prevents distor- 
tion and jamming of the spring-loaded 
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shut-off valve. The coupling is avail- 
able with AAF or AN threads. Ameri- 
can Screw Products, 7000 Avalon 
Blvd., Los Angeles 3, Calif. 


Marking and Filling Machine 


Finished metal parts are marked 
and filled with pigment or metallic 
color by means of an electric heating 
element in a machine that performs 
both operations at the same time. Both 
round and flat surfaces can be han- 
dled. The flat marking assembly in- 
corporates a die that rolls the mark 
into the flat part held in position by a 
special form fixture as the die rolls 
over it. A ratchet feed advances the 
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transfer tape at each stroke of the 
machine. A specially engraved steel 
marking die sinks the marking and the 
color transfer at the same time. The 
die is electrically heated, and on the 
front of the die holder is located a 
thermometer for heat regulation. Acro- 
mark Co., 382 Morrell St., Elizabeth 
4, N. J. 


Continuous Printers 


Blueprints or black-and-white prints 
up to 44 in. wide can be produced in 
any length at speeds up to 42 in. per 
min. on the Models B-1 and B-2 table- 
type continuous printers. These print- 
ers are portable and can be placed on 
any convenient table or bench. They 
are operated by plugging into any 
standard electric outlet. Cooper-Hew- 


itt mercury-vapor tube lamps are 
mounted horizontally in these ma- 
chines to give uniform light intensity. 
Model B-1 is a single-tube printer and 
Model B-2 has two tubes. Hand- 
polished contact glass and sliding 
contact assure clear over-all exposure. 
Ball-bearing equipped variable-speed 
drive requires no lubrication. Cut 
sheets can be used instead of con- 
tinuous rolls. Overall dimensions are 
16 in. wide, 16 in. high, 63 in. long. 
The machines are finished in olive- 
green wrinkle baked enamel. Peck & 
Harvey, 4327 Addison St., Chicago, 
Ill. 


Special Small Pump 


Intended for use on small machines 
such as hand mills, surface grinders, 
internal grinders, drill presses and 
tapping machines, the Model MVA 
submerged-type Seal-less pump is just 
under 16 in. high. It can be used on 
machines having a coolant sump in 
the base or where a separate coolant 
tank is used. Chips or dirt passing 
through the grill in the bottom will 
not damage the pump unit. Pioneer 
Pump & Mfg. Co., Detroit, Mich. 


Small-Parts Alloy 


Offered in a form adaptable to such 
applications as instrument bearing 
pivots and needle valves, an alloy of 
tungsten, chromium and cobalt resists 
numerous kinds of corrosion. Because 
the metal cannot be machined, small 
parts are cast to approximate shapes 
and finished by grinding and lapping, 
if necessary. Properties include a ten- 
sile strength of approximately 65,000 
lb. per sq.in., Rockwell C hardness of 
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60 to 62, low coefficient of friction, 
ability to take a high polish, and ex- 
cellent resistance to wear and chemical 
corrosion. The material is easily fab- 
ricated and practically non-magnetic. 
It can be brazed or welded to steel 
or other base metals. The alloy is not 
recommended as a substitute for sap- 
phire bearings. Rather, it is intended 
for use as a pivot tip that operates in 


‘a jewel bearing, and can be used in 


simple brass or steel pivot holes. At 
present, the alloy is being furnished in 
many cast forms, such as pins for 
pivots and shafts, which are centerless 
ground to specific diameters. Haynes 


Stellite Co., Kokomo, Ind. 


Resistor Coating 


Lectraseel is the name given a vitre- 
ous low-loss resistor coating that has 
high resistance to thermal shock and 
a coefficient of expansion and contrac- 
tion that is said to parallel that of cer- 
amic cores now in use. Accelerated 
weathering tests indicate that a Lectra- 
seel-coated coil is immune to corro- 
sion. Pemco Corp., 5601 Eastern Ave., 
Baltimore, Md. 


Aluminum-Alloy Clamp 


Maximum strength and light weight 
have been combined in an aluminum- 
alloy clamp. For installation, the ends 
of the band are wrapped over a cir- 
cular cross-bar anchor at each attach- 
ment to the adjustment mechanism. 
No severe forming of the material is 
required. All loads are evenly dis- 
tributed and there are no stress con- 
centrations. Known as Type D, the 
clamp applies uniform pressure to the 
periphery of the part around which it 





is installed. The clamp is available in 
sizes from 2 in. in diameter up, and 
in an almost unlimited range of spe- 
cial shapes. Marman Products Co., 
Inglewood, Calif. 


Liquid Level Control 


Both control and indication of 
liquid level is provided by the Level- 
Buoy. The Fulscope control mechan- 
ism, with either completely adjustable 
sensitivity for smooth throttling level 
control or automatic reset for aver- 
aging of liquid level with a minimum 
disturbance to the process, is em- 
ployed. A torque tube transmits the 
level changes to the instrument mech- 
anism, eliminating the stuffing box 
and giving a closed system that elim- 
inates leakage. There are no internal 


pivots. The instrument handles liquids 
with specific gravity from 0.2 to 2.0 
and is available in 14-, 32-, 60-, 72- 
and 120-in. ranges. Taylor Instrument 
Companies, P. O. Box 110, Rochester 
LN. X. 


Indicator Lamp 


Special feature of a small, molded- 
plastic indicator lamp is a lock-on col- 
ored cap which cannot be shaken 
loose, and will not “freeze” to the 
base. As many as five circuits can be 
identified on one panel by the use of 
different colored caps—amber, red, 
green, white and blue. The lamp is 
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supplied ready for mounting. The base 
is mounted directly to the back of the 
instrument panel, and the colored cap 
is screwed into the base through the 
panel. A coil spring applies constant 
pressure to the base of the lamp bulbs 
to maintain a good electrical contact. 
The lamp takes 6- to 8-volt bulbs. Spe- 
cialty Div., Electronics Dept., General 
Electric Co., Schenectady, N. Y. 


Soft-Oil Varnish Resins 


Intended especially for use in the 
manufacture of oleoresinous varnishes 
and enamels containing all or pre- 
ponderant amounts of the soft oils are 
two new Amberol resins. The first, 
Amberol F-77, is the phenolic type 
and is introduced as a modification of 
Amberol F-7. It is more soluble than 
F-7 in bodied oils and imparts higher 
viscosity, better drying properties and 
improved alkali and water resistance 
to varnishes and enamels of all types 
and oil lengths. Amberol 808 is a 
high-viscosity resin of the maleic type 
and is intended primarily for use in 
applications where pale color and 
good color retention are desired. This 
resin represents an improvement over 
Amberol 806-P in bodied-oil solubility, 
petroleum tolerance, drying properties 
and alkali resistance. Resinous Prod- 
ucts & Chemical Co., Washington 
Square, Philadelphia 5, Pa. 


High-Precision Finish 


High-quality abrasive combined 
with a new technique that eliminates 
scratches form the Hyprez method of 
finishing surfaces prepared by ma- 
chining, grinding, honing or lapping. 
The process is particularly adaptable 
to straight and tapered holes or bores 
and to contours such as ball shapes 
and cones. The amount of stock to be 
removed varies with the quality of the 
surface before finishing, the depth of 
its deepest imperfection and the hard- 





already been applied to ball-bearing 
races, instrument pivots, cartridge 
case dies, gear bores and hydraulic 
cylinders. Engis Equipment Co., 310 
S. Michigan Ave., Chicago 4, Ill. 


High-Pressure Hand Pump 


Made of bronze, a rotary hand pump 
develops a pressure of 125 lb. per 
sq.in., and has a capacity of 1.5 gal 
per min. Although the unit was de 
veloped for the U. S. Maritime Com. 
mission it has a number of industria] 
and commercial applications, chiefly 
in connection with hydraulic control 


devices and other equipment where 
high-pressure, hand-operated pumping 
units are required. Blackmer Pump 
Co., Grand Rapids 9, Mich. 


Multi-Stage Power Unit 


High- and low-power movements for 
clutch and gear engagement are pro 
vided by a dual power-dual stroke 
control chamber. In one direction the 
chamber provides a high-powered 
movement for disengagement, and a 
continued lower-power movement in 
the same direction for engagement. 
From this position the chamber will 
operate in the reverse direction with a 
high-power movement for disengage 
ment and a continued lower-power 
movement for engagement. The power- 
transfer rod in the initial high-power 
action is moved a predetermined dis- 
tance by the large diaphragm, 
bounded by the outer shell. When this 
motion has been completed, the sec 
ondary power of the diaphragm bound 
by the inner moving shell comes into 
action, and the power-transfer rod 
moves a further predetermined dis 
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tance at reduced power. The force of 
the chamber is created by fluid pres- 
sure differential on each side of the 
diaphragm. This differential pressure 
may also be created by a vacuum or 
by air pressure. Velvac, Inc., Detroit, 


Mich. 


Zinc-Blackening Process 


Immersion blackening of zinc or 
zinc-alloy surfaces, is the purpose of 
the Alronox process. No elaborate 
equipment or controls are necessary 
for application, and the process is 
adaptable to any zinc surface, includ- 
ing die-castings. The coating can be 
applied within a 7-min. cycle. Salt 
spray rating on 0.0002-in. zinc plate 
over steel, without after-coating, is 200 
to 300 hr. The coating is a good base 
for organic finishes, has high weather 
and humidity resistance and will not 
chip or peel off. Alrose Chemical Co., 
Providence, R. I. 


Shockproof Relay 


Ability to withstand 90 gravitational 
units in acceleration tests highlights 
a relay designated as Type 17AXX. 





Construction is rugged despite small 
size and light weight. The unit is de- 
signed for aircraft use where pro- 
tection against unintentional operation 
of contact is necessary. These relays 
are regularly supplied with series 
coils for any d.c. voltage or with shunt 


coils for use on 12- or 24-volts d.c. 
Struthers-Dunn, Inc. 1321 Arch St., 
Philadelphia, Pa. 


Nut and Bolt Retainer 


Consisting of a retainer plate and 
a retainer spring, both made of cad- 
mium-plated tempered spring steel, a 
nut and bolt retainer known as Click 
incorporates the features of standard 
anchor nuts. The fastener provides a 
nut anchor that can be spot-welded to 
the assembly, and a bolt anchor using 
standard AN bolts, both with axial 
flexibility. It allows conversion of nut 
plates to blind studs without tooling 
change during producton. The retainer 


. retoiner 
` plate 


is interchangeable with present types 
of anchor fittings, except where 
slightly greater widths would cause 
interference. Attaching dimensions are 
held to 0.002 in. Kaynar Mfg. Co., Los 
Angeles, Calif. 


‘Electronic Time Relay 


For the control of industrial proc- 
esses in which extreme accuracy and 
long life are required, an adjustable, 
electronic time-delay relay is offered 
that is a combination of two hermetic- 
ally sealed units, both of which are 
applicable for explosive and corrosive 
atmospheres. The load is carried by 
a quick-acting mercury relay. The only 
moving part is the steel encased 
plunger working in a hydrogen pres- 
sure atmosphere displacing the mer- 
cury. Time settings are continuously 
variable within the range, and can be 
adjusted to the precise operating 
point required. Standard models cover 
time ranges from 0.05 to 0.5, 0.10 to 
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10.0 and 1.0 to 100.0 sec., respectively. 
Contact capacities up to 75 amp., 
either normally open or normally 
closed, are available. Durakool, Inc., 


Elkhart, Ind. 


Negative Opaque 


A negative opaquing material has 
been developed for spotting and re- 
touching paper negatives of all kinds. 
This material is said to be very dense 
and perfectly opaque at even a feather 
stroke. It is water soluble and so 
finely ground that little moisture is 
necessary to make it spread thinly. 
The material can be washed off easily 
for making corrections, and its flexi- 
bility and elasticity allow negatives to 
be rolled without danger of the opaque 
flaking or cracking. It is also said to 
be as effective on film or glass nega- 
tives as it is on paper negatives. Craf- 
tint Mfg. Co., 210 St. Clair Ave., 
N.W., Cleveland 13, Ohio. 


Thermometer-Bulb Insert 


Adaptable to both old- and new-type 
thermometer bulbs, the Rosan locking 
system for threaded inserts and nuts 
has been modified for application in 
tanks and plumbing installations that 
require thermometer-bulb inserts. The 
assembly is made of steel and is in- 
serted in soft metal. It operates on the 
same principle as other applications 
of the Rosan locking system wherein 
the serrated collar at the head of the 
insert engages its teeth with the inner 


piece of the locking ring which is ser- 
rated both inside and out. The outer 
teeth or splines of the locking ring 
broach their way into the parent ma- 
terial at the wall of a counterbore 
when struck with a hammer or a driv- 
ing tool. Bardwell & McAlister, Inc., 
Box 1310, Hollywood, Calif. 
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Manufacturers’ Publications 





Motoreducers—Falk Corp., 3001 W. 
Canal St., Milwaukee 8, Wis. Bulletin 
3100, 64 pages. Methods of selection, 
selection tables and dimensions of 
units in three service classes of motor- 
reducing units made by the company 
in conformance with the A.G.M.A. 
Recommended Practice highlight on 
attractive presentation. 


Tubing—Chicago Metal Hose Corp., 
Maywood, Ill. Engineering manual 
SS-44, 36 pages. Characteristics of 
Rex-Flex stainless-steel flexible tub- 
ing, bellows and couplings are given 
in detail along with tables of sizes, 
weights and wall thicknesses of vari- 
ous wall forms; pressure data, line- 
loss chart, minimum bending radii 
and other useful engineering data. 


Synthetic Rubber—New York Belting 
& Packing Co., 1 Market St., Passaic, 
N. J. Booklet M-3620, 36 pages. Basic 
discussion of properties and character- 
istics of synthetic rubbers, including 
a simple review of the chemistry of 


rubber. 


Controllers—Furnas Electric Co., 444 
McKee St., Batavia, Ill. Bulletin 4303, 
20 pages. Descriptions, wiring dia- 
grams and dimensional drawings for 
multi-speed drum controllers for ma- 
chines operated by motors ranging 
over 10 hp. are given. 


Hydraulics—H y draulic Machinery, 
Inc., 12825 Ford Road, Dearborn, 
Mich. Catalog section, 18 pages. Hy- 
draulic power units, test benches, spe- 
cial machinery and presses as applied 
to machine tools and aviation are cov- 
ered. 


Fastening—Bardwell & McAlister, 
Inc., 911 N. Orange Drive, Hollywood 
28, Calif. Standards catalog and design 
data sheets. Principles and many ap- 
plications of the Rosan locking system 
for threaded inserts and studs are ex- 
plained in detail. 


Controls—Automatic Electric Co., 
1033 W. Van Buren St.. Chicago 7. Ill. 
Catalog 4071-D, 104 pages. Several 
new types of relays. including a line of 
small, lightweight and vibration-resist- 
ing units for aircraft service, are 
shown in this catalog which gives com- 
plete operating data and scale mount- 
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ing drawings for these and more than 
40 other types of relays, highlighted 
by a double-page chart showing the 
important characteristics of each type 
to simplify selection. 


Pipe and Tube—Copper & Brass Re- 
search Institute, 420 Lexington Ave., 
New York 17, N. Y. Handbook, 80 
pages. Describes in detail practical 
methods for bending pipe and tubing 
of copper, brass and related alloys and 
includes tables of sizes, tolerances and 
weights. 


Instruments—Televiso Products, Inc., 
6533 N. Olmsted Ave., Chicago 31, Ill. 
Catalog, 48 pages. Contains pictures 
and descriptions of the main functions 
and applications of aircraft gyro test 
instruments, aircraft vibration test 
instruments, aircraft industrial pro- 
duction testers, industrial vibration 
measuring instruments and electro- 
mechanical laboratory and production 
test equipment. 


Chilling—Deepfreeze Division, Motor 
Products Corp., N. Chicago, Ill. Data 
Book, 24 pages. Technical data on 
and typical applications of industrial 
chilling machines for shrinking, hard- 
ening, testing and stabilization of 
metals are presented. 


Cylinders — Tompkins-Johnson Co., 
Jackson, Mich. Catalog 43, 88 pages. 
Comprehensive data enables selection 
of the proper air cylinder for any 
pneumatic power movement. 


Electrical Control—General Electric 
Co. Schenectady, N. Y. Bulletin 
GEA-4053, 36 pages. Describes com- 
prehensively the engineering details, 
fundamental functions and a broad 
selection of applications of the 
Amplidyne. 


Timers—Haydon Mfg. Co., Forestville, 
Conn. Catalog, 24 pages. Describes 
various timing devices and related 
equipment, including dimensional 
drawings, wiring diagrams and other 
pertinent technical data. 


Electronic Components — Electronic 
Components Div.. Stackpole Carbon 
Co., St. Marys, Pa. Catalog RC6, 36 
pages. Details on fixed and variable 


resistors, switches and iron cores fy 
numerous electronic applications gs 
given as well as much useful engines. 
ing data dealing with these items, 


Are Welding Design—Hobart Bro. 
Troy, Ohio. Data sheets. A loose-leg 
service, called “Practical Design fy 
Arc Welding" and prepared by Robe: 
E. Kinkead, that now includes 5j 
plates, to which about 200 more wil 
be added soon. 


Controller—Wheelco Instruments Co, 
Harrison and Peoria Sts., Chicago 7 
Ill. Bulletin, A2-3. 8 pages. Describe 
a line of Potentiotrols, a controle 
used in the potentiometer method o 
heat measurement. 


Composite Metal—Jessop Steel Co, 
Washington, Pa. Booklet, 20 page, 
Information on analyses, applications, 
manufacture, working, styles of heads 
and standard sizes of sheets and plates 
of Stainless-Clad steel is given. 


Electronics—RCA Victor Div., Radio 
Corporation of America, Camden, N.]. 
Booklet, 44 pages. Presents a non 
technical exposition of the practical 
part electronics is playing in variou 
industrial fields. 


Transparencies—Universal Engraving 
& Colorplate Co.. 588 Monroe St., But 
falo, N. Y. Bulletins. American Ne 
tional Form screw thread comparator 
charts made on plate glass and eng: 
neers’ glass and transparency holding 
fixtures are described. 


Instrument—Physicists Research Co, 
Dept. 7, Ann Arbor, Mich. Booklet, $ 
pages. Describes the Profilomete 
and related accessories for use i 
measuring surface hardness. 


Precision Equipment—Vinco Corp. 
Detroit, Mich. Bulletin, 16 page 
Gages and other checking machines 
and devices are described. 


Packaging—Angier Corp., Framing 
ham, Mass. Bulletin, 4 pages. De 
scribes Induwrap. a treated pape 
wrapping material designed to pre 
serve slushing-oil films on steel parts 


Manganese Steel— American Mangt 
nese Steel Div.. American Brake Shoe 
Co., Chicago Heights, Ill. Bulletins 
943-R and 1043-CM, 32 pages each 
Advantages and uses of manganes 
steel are covered from the standpoint 
of the railroad industry in the forme 
bulletin and for cement-mill equip 
ment in the latter publication. 
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Shrink Fit Caleulator 


OST shrinkage problems per- 

tain to the making of cylindrical 
interference fits such as the insertion 
of bushings in machine parts. This 
group also includes external wearing 
rings, plug fits and riveting. There 
are also designs in which it is neces- 
sary to make linear interference fits 
such as for shrink links. 

In addition to press fits, interfer- 
ence fitted parts may be assembled by 
any one of three methods: (1) The 
male part can be cooled, (2) the 
female part heated, or (3) by using 
a combination of methods (1) and 
(2). 

Hard and fast rules have not yet 
been established as to how much 
working clearance is necessary for 
every type of job. By working clear- 
ance, it is meant the extra allowance 
necessary to permit free and easy 
assembly and to prevent the parts 
from seizing before they are in place. 
The factor of working clearance, at 
present, is largely dependent upon 
the experience of the operators. Fac- 
tors which influence the amount of 
necessary working clearance are the 
material of which the male or the 
female part is made, the diameter or 
the length of the part (for cylindrical 
parts the relation of the length to the 
diameter), the weight of the part, the 
assembly time element, the mechanical 
arrangement for the cooling and the 


Table I—Coefficients of 
Elongation 
E E E E t a e ri 


l, in. per in. 
Metal per deg. F. 
BEEN aae rione ad 0.00001234 
BEER oed ooa carina 2 0.00000957 
o E ag goes aa 0.00000986 
Se ota 0.00000887 
ad 0.00000557 
Iron, wrought .............. 0.00000648 
EE i cs ocala 0.00001571 
EE LLL cdi ddl 0.00000695 
Steel Bi dis sweets wssesiul 0.00000636 
EE Lo decode 0.00001163 
I 


EDWARD L. ROGERS 


handling of the part for assembly. 
Working clearances must be con- 
sidered when making an approach to 
the solution of shrinkage problems. 
Shrinkage problems can be solved 
by a mathematical approach in which 
T, — final temperature when heating, 
deg. F. 
T. — final temperature when cooling, 
deg. F. 
T; — initial temperature of part, deg. F. 


S, — total shrinkage desired (fit allowance 
plus the working clearance), in. 


D, = nominal diameter or length, in. 
l = coefficient of elongation, in. per in. 
per deg. F. 


For Heating Applications: 
Ta = T: + (S/D.l) (1) 


For Cooling Applications: 
To = Ti - (S,/D, l) (2) 


Table I gives coefficients of elonga- 
tion for a few common metals used 
in industry. 

A simpler approach to the solution 
of shrinkage problems is presented 
through the use of a network chart. 

Any problem within the range of 
the chart can be quickly solved when 
the nominal diameter or length, the 
type of material, the total shrinkage 
desired and the initial temperature of 
the part are known. Final tempera- 
ture for cooling or heating can be 
read directly from the chart. If given 
any other combination of these factors 
the unknown factor can also be deter- 
mined. 


ExaAMPLE I. Given a 16.5 in. dia. 
bronze bushing to shrink 0.020 in. 
To what temperature must the bush- 
ing be cooled in order to obtain the 
desired shrinkage? The total shrink- 
age in this case includes 0.010 in. for 
the interference fit, and 0.010 in. for 
the working clearance and any out-of- 
roundness in the bushing or hole. The 
initial temperature being 75 deg. F. 
Mathematical Solution: 

By substituting the respective values 
in Equation (2) 
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0.020 
T. = 15 — 16.5 X 0.00000986 
— — 48 deg. F. 
Chart Solution: 
l. From the nominal diameter or 
length ordinate on the left side of the 


. chart select the 16.5 in. point. 


2. From the 16.5 in. point proceed 
horizontally to meet the line repre- 
senting the total shrinkage of 0.020 
in. 

3. From the intersection of Step 
(2) continue vertically to meet the 
line representing the type of material. 

4. From the intersection of Step 
(3) extend the line horizontally to the 
right to obtain the temperature 
change, 123 deg. F., or by continuing 
the line to the right to meet the verti- 
cal line representing the initial tem- 
perature of 75 deg. F., then downward 
and parallel to the sloping line toward 
the left, where the final temperature 
by cooling is found to be —48 deg. F. 


Examp te II. This illustrates the use 
of cooling the male part and the heat- 
ing of the female part to obtain the 
necessary shrinkage. The problem is 
to insert a steel race in an aluminum 
sheave wheel. Nominal outside diam- 
eter of the race is 6 in. With both 
parts at an initial temperature of 80 
deg. F. there is an interference fit of 
0.006 in. Assuming a working clear- 
ance of 0.006 in. makes it necessary 
to obtain a total shrinkage of 0.012 in. 
Because of the nature of the work to 
which the aluminum sheave wheel is 
to be subjected, it is not advisable to 
heat the sheave to a high temperature. 
If a boiling water bath is used to 
heat the sheave to 212 deg., to what 
temperature must the steel race be 
cooled to obtain the total shrinkage 
for the two parts? 

This problem can be solved by first 
finding the amount of shrinkage ob- 
tained by the heating of the aluminum 
sheave. Then by deducting this 
amount from the total shrinkage de- 
sired, the difference being the amount 
necessary to be obtained by cooling 


A 





the steel race. Having this dif- 

ference the temperature to which : 

the steel race must be cooled N o E s 59 52.8 

can be determined. c" Ee ara 
09497494 SIKORA AK ATKALS ALS AD 
SIRI REPAIR OLR RPL 


Mathematical Solution: RARER AEE KEARNS SSL BSI 
ndlidio Vite i iE SOS RELI RII KKK 


‘Buipoay Aq aanywuadwuiay ould 


: ISSO KKK KIKI KIKI KKK AKAD AS 2 
other form, using Sà to denote oe eK a See eee e IE 
heating shrinkage, becomes S 2 - 9 5 
8, 7 (T, — T) D.l T |, * 3 
= (212 — 80) 6 X 0.00001234 34 ‘Blog '6ujoo9 Aq eunpouedwe, jours 
= 0.0098 in. 

Cooling shrinkage — S, — S, 
= 0.0120— 0.0098 = 0.0022 in. 

Using Equation (2) for the 


cooling 
0.0022 
T. = 80 — 6 X 0,00000636 4 '€eq 'eBuouj sangeaedue| 


" 2% s s o o0 29 B8 
7224 deg. F. 2 Dou M Nom 


+ n 
— TRL VT AL 

l. From the point 212 deg. F. NS A Jj N^. 4 [| i / 
on the ordinate labeled final LAN 9 / | NA by, VIVA J | i 
temperature by heating, pro- X 4 x 7 á 7 
aama RA PA S V ATT 
diagonal line to meet the verti- |l NJ NC 1 7 A all 
cal initial temperature line of ^| 7N | || 
80 deg. F. Lr 

2. From this point extend a 
line horizontally to the left to 
the line representing the type of 
material, aluminum. 

3. From this last intersection 
proceed vertically downward to 
meet the horizontal line repre- 
senting the diameter of the 
hole, 6 in. 

4. At this point it may be 
seen that the total shrinkage for 
the heating of this part is ap- 
proximately 0.0098 in. 

5. Deducting 0.0098 in. from 
0.0120 in. the difference is 
0.0022 in. which is to be ob- 
tained by cooling the steel race. 

6. Select 6 in. dia. from the 
ordinate nominal diameter and 
proceed horizontally to the 
shrinkage of 0.0022 in. 

7. From this point extend a 
line vertically to the line repre- 
senting the type of material, 
which in this case is steel. 

8. Proceed horizontally to 
meet the vertical line which 
represents 80 deg. F. initial 
temperature. 

9. From this last point of in- 
tersection extend the line down- 
ward and parallel to the diag- 
onal line to the final tempera- 


ture by cooling, giving plus 23 
deg. F. 
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